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ABSTRACT
R e se a rc h e rs  u s in g  th e  LISREL ( l i n e a r  s t r u c t u r a l  r e l a t i o n s )  
program developed  by J o re sk o g  and Sorbom (1964) f o r  th e  purpose 
of e s t i m a t in g  pa ram ete rs  of s t r u c t u r a l  e q u a t io n  models must make 
im p o r tan t  a ssum ptions .  The r e s e a r c h e r  must assume la rg e  sample 
s i z e  (a sy m p to tic  th e o ry )  and a m u l t i v a r i a t e  normal d i s t r i b u t i o n  
f o r  t h e  i n d i c a t o r  v a r i a b l e s ,  in  a d d i t io n ,  t h e o r e t i c a l  
assum ptions  as  t o  th e  a p p r o p r ia t e n e s s  of t h e  model s p e c i f i c a t i o n  
m ust a l s o  be made.
T h is  Monte C a r lo  s tu d y  examines t h e  ro b u s tn e s s  of maximum 
l i k e l i h o o d  p a ram e te r  e s t im a te s  under  v a ry in g  d e g re e s  of model 
m l s s p e c l f i c a t i o n .  The e f f e c t s  of e r r o r s  of om ission , e r r o r s  of 
in c lu s io n ,  and s im u ltan e o u s  e r r o r s  of om iss ion  and in c lu s io n  a re  
s tu d ie d  f o r  sample s i z e s  of 100 and 200. A t r u e  p o p u la t io n  model 
c o n ta in in g  f o u r  l a t e n t  v a r i a b l e s  and e i g h t  co n t in u o u s  i n d i c a t o r  
v a r i a b l e s  was developed . From t h i s  t r u e  model, a p o p u la t io n  
c o v a r ia n c e  m a t r ix  was d e r iv e d ,  and sample m a t r i c e s  were g e n e ra te d  
by use  of a FORTRAN program. The t r u e  model was m o d if ied  and 
t e s t e d  f o r  each  ty p e  of m i s s p e c i f i c a t i o n  c o n s id e re d .  Param ete r  
e s t im a te s ,  s ta n d a rd  e r r o r s ,  and th e  x 2 s t a t i s t i c  were 
averaged  over a  minimum of 300 r e p l i c a t i o n s .
R e s u l t s  i n d i c a t e  t h a t  c e r t a i n  ty p e s  of s p e c i f i c a t i o n  e r r o r s  
a re  more s e r io u s  in  term s of p a ra m e te r  b ia s  a n d /o r  model f i t .  
S im ultaneous  e r r o r s  a r e  in  g e n e ra l  more problem m atic  th a n  s i n g l e
ix
e r r o r s .  Nonconvergence problem s a r e  r e l a t e d  t o  th e  ty p e  of e r r o r  
made In r e l a t i o n  t o  th e  o v e r a l l  p a t t e r n  of th e  model. Sample 
s i z e s  of 200 {in c o n t r a s t  t o  N=100) p a r t i c u l a r l y  a f f e c t  th e  
e s t im a te s  of p a ram e te r  s ta n d a rd  e r r o r s .  The chance of r e j e c t i n g  
a m l s s p e c l f l e d  model Improves when th e  sample s i z e  i s  in c re a s e d .  
However, th e  a b i l i t y  In g e n e ra l  of t h e  LISREL program to  d e t e c t  
m l s s p e c l f i c a t i o n s  i s  l im i t e d .
x
I. INTRODUCTION
A G eneral D e s c r ip t io n  of t h e  LISREL Wodei
R ecen t advances in  th e  com puterized  a p p l i c a t i o n  of 
s o p h i s t i c a t e d  s t a t i s t i c a l  m e thodo log ies  have en ab led  s o c i a l  
s c i e n t i s t s  in  economics, psychology, edu ca tio n ,  so c io lo g y ,  and 
r e l a t e d  d i s c i p l i n e s  t o  u t i l i z e  m u l t i v a r i a t e  a n a l y s i s  te c h n iq u e s  
t h a t  were p r e v io u s ly  u n a v a i l a b l e .  In  th e  l a s t  f i f t e e n  y e a rs  
t h e r e  has been an e v e r - i n c r e a s in g  i n t e r e s t  in  th e  a n a l y s i s  of 
c o v a r ia n c e  s t r u c t u r e s ,  and in  p a r t i c u l a r ,  th e  LISREL ( l i n e a r  
s t r u c t u r a l  r e l a t i o n s )  model d e f in e d  and developed  by JoresRog 
(1973, 1978) has been used  t o  e s t im a te  t h e  c a u sa l  r e l a t i o n s h i p s  
between v a r i a b l e s .  Most s im p ly  put, c o v a r ia n c e  s t r u c t u r e  
a n a l y s i s  in v o lv es  t h e  breakdown of th e  c o v a r ia n c e s  (or 
c o r r e l a t i o n s )  among v a r i a b l e s  in to  e s t im a te s  of th e  s t r e n g t h  of 
r e l a t i o n s h i p s  among c o n s t r u c t s  in  a  t h e o r e t i c a l  system . The use  
of models t o  r e p r e s e n t  and e x p la in  t h e o r e t i c a l  p ro c e s s e s  i s  n o t  
new. The LISREL model, however, has c e r t a i n  un ique  f e a t u r e s  
w hich make i t s  u se  p a r t i c u l a r l y  a p p e a l in g  t o  s o c i a l  s c i e n t i s t s  
engaged m  th e o ry  b u i ld in g  and model f i t t i n g .
The LISREL model c o n s i s t s  of two p a r t s .  The f i r s t  p a r t ,  th e  
s t r u c t u r a l  e q u a t io n  model, d e s c r ib e s  th e  t h e o r e t i c a l  
r e l a t i o n s h i p s  among u n o b se rv a b le  o r  l a t e n t  v a r i a b l e s .  These
1
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r e l a t i o n s h i p s  may be s t r i c t l y  h y p o th e t ic a l  ( e x p lo r a to r y )  o r  may 
be based  on p r i o r  r e s e a r c h  ( c o n f i rm a to ry ) .  The s t r u c t u r a l  
e q u a t io n  model i s  s i m i l a r  t o  a  p a th  a n a l y t i c  model and i s  d e r iv e d  
from  th e  t r a d i t i o n s  of eco n o m e tr ic s .  The second p a r t ,  th e  
m easurement model, d e s c r ib e s  t h e  measurement of t h e  l a t e n t  
v a r i a b l e s  by one o r  more o b s e rv a b le  i n d i c a t o r  v a r i a b l e s .  (These 
i n d i c a t o r  v a r i a b l e s  a re  n o t  e q u iv a le n t  t o  what a re  u s u a l l y  term ed 
"dummy v a r i a b l e s . " )  T h is  p a r t  of t h e  LISREL model i s  e q u iv a le n t  
t o  th e  comnon f a c t o r  a n a l y s i s  model o f te n  u sed  in  psychology  
(JoresRog, 1969).
As w i th  a l l  s t a t i s t i c a l  te c h n iq u e s ,  th e  a p p l i c a t i o n  of LISREL 
i s  based on s e v e r a l  im p o r ta n t  assum ptions  (JoresRog & Sorbom, 
19B4). F i r s t ,  t h e  observed  i n d i c a t o r  v a r i a b l e s  a re  r e q u i r e d  t o  
f o l l o w  a m u l t i v a r i a t e  normal d i s t r i b u t i o n .  Secondly, LISREL 
assumes a  l a rg e  sample s i z e  (a sy m p to tic  t h e o r y ) .  C u tta n c e  (1963) 
c a l l s  th e s e  assum ptions  sy s tem  assum ptions  s in c e  th e y  a re  th e  
g e n e ra l  s t a t i s t i c a l  assum ptions  n e c e s s a ry  f o r  a l l  LISREL models.
C u tta n c e  a l s o  d e s c r ib e s  a n o th e r  ty p e  of assum ption— 
t h e  model assum ption  w hich i s  s p e c i f i c  t o  a  p a r t i c u l a r  model. In  
c o v a r ia n c e  s t r u c t u r e  m odeling, th e  s p e c i f i c a t i o n  of an 
a p p r o p r ia t e  t h e o r e t i c a l  frameworR i s  one such  assum ption . This  
assum ption  i s  n o t  a m a th em a tic a l  one as much as a s u b s t a n t i v e  
one. F or  any g iven  s e t  of c o v a r ia n c e s  among i n d i c a t o r  v a r i a b l e s ,  
t h e r e  e x i s t s  an i n f i n i t e  number of p o s s ib le  t h e o r e t i c a l  models t o  
e x p la in  t h e s e  r e l a t i o n s h i p s .  LISREL’s m o d e l - f i t t i n g  p ro c e s se s
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r e q u i r e  th e  r e s e a r c h e r  t o  assume t h a t  th e  model i s  t h e o r e t i c a l l y  
p l a u s i b l e  (B e n t le r ,  i9 6 0 ) .  B ie lb y  & H auser (1977) s t a t e  t h a t  th e  
s p e c i f i c a t i o n  of s t r u c t u r a l  e q u a t io n  models i s  n o t  "an 
a l l - o r - n o t h i n g  p r o p o s i t i o n . "  T h a t  is ,  f i t t i n g  and e s t im a t io n  
must r e s t  on a t h e o r e t i c a l l y  sound fo u n d a t io n ,  a b a s ic  model 
w hich can be e l a b o r a te d  upon by concep tua l  and e m p ir ic a l  
developm ent. B e n t l e r  & WeeKs ( i9 6 0 )  r e l a t e  t h a t  th e  t h e o r e t i c a l  
r e q u ire m e n ts  of e s t im a t io n  and m o d e l - f i t t i n g  a l s o  ex tend  to  th e  
t e s t i n g  of com peting models th ro u g h  an e v a lu a t io n  of 
g o o d n e s s - o f - f i t .  The p ro c e s s e s  of s p e c i f i c a t i o n ,  e s t im a t io n ,  and 
t e s t i n g  of h y p o th e t ic a l  models th e n  p resuppose  im p o r ta n t  
s t a t i s t i c a l  and t h e o r e t i c a l  c o n d i t io n s  t o  in s u r e  v a l i d i t y  of 
r e s u l t s .
The A p p l ic a t io n  of C ovariance  S t r u c t u r e  M odeling 
Methods t o  E d u c a t io n a l  R esearch
M etho d o lo g ica l  c o n s id e r a t io n s  and th e  r e s e a r c h  t r a d i t i o n s  
w hich d i r e c t  s c i e n t i f i c  endeavors  a re  based  on p h i lo s o p h ic a l  
paradigm s. The e m p ir ic a l  v ie w p o in t  borrowed by s o c i a l  s c ie n c e  
from  th e  n a t u r a l  and p h y s ic a l  s c ie n c e s  i s  o f t e n  reg a rd e d  as  th e  
s ta n d a rd  upon w hich th e  r i g o r  of a l l  r e s e a r c h  i s  based . S ince  
th e  t im e of Comte, s o c i a l  s c i e n t i s t s  have t r i e d  t o  im i t a t e  th e  
s c i e n t i f i c  p ro cess ,  a d o p t in g  th e  te rm in o lo g y  and th e  s p i r i t  of
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th e  experim en t (Kuhn, 1970), E d u ca t io n a l  r e s e a rc h ,  however, i s  
no rm ativ e  by n a tu re ,  and t h e r e f o r e  n o t  l i k e l y  t o  y i e l d  laws o r  
broad  g e n e r a l i z a t i o n s  l i k e  th e  n a t u r a l  s c ie n c e s  (Gowin, 1972), 
There a r e  i n t r i n s i c  d i f f e r e n c e s  between human b eh a v io rs  and 
p h y s ic a l  o b je c t s  as t h e  t a r g e t s  of i n v e s t i g a t i o n .  The n a t u r e  of 
r e s e a r c h  on human th o u g h t  and b eh a v io rs  p resupposes  f a i l u r e  to  
some d e g re e — we w i l l  always f a i l  t o  " g e t  in s id e "  a n o th e r  
p e r s o n 's  head. In  a d d i t io n ,  t h e r e  i s  a  un ique  i n t e r a c t i o n  
between th e o ry  and p r a c t i c e  in  e d u c a t io n a l  r e s e a r c h  w hich 
r e q u i r e s  a p e r s p e c t iv e  a l l  i t s  own.
There  i s  and always has  been a  g r e a t  d ea l  of c o n t ro v e r s y  on 
th e  a p p r o p r ia te n e s s  of ex p e r im en ta l  methods f o r  e d u c a t io n a l  
r e s e a r c h .  (See Bredo & F e inbe rg ,  1982; F e inbe rg ,  1983; smith, 
1983; and S o l t i s ,  1984 f o r  d i s c u s s io n s  of t h e  h i s t o r i c a l  and 
modern p h i lo s o p h ic a l  p e r s p e c t iv e s  on th e  conduct of human 
i n q u i r y . ) W ith in  e m p ir ic a l  c i r c l e s  much d i s c u s s io n  c e n t e r s  on 
th e  advan tages  and d is a d v a n ta g e s  of v a r io u s  m e th o d o lo g ie s .  The 
modes of p o s i t i v i s m  a r e  many— su rveys ,  experim en ts ,  
q u a s i -e x p e r im e n ts ,  o b s e rv a t io n s ,  c o r r e l a t i o n ,  r e g r e s s io n ,  
m e ta - a n a ly s i s ,  com para tive  re s e a rc h ,  and c o v a r ia n c e  s t r u c t u r e  
m odeling . To a l l  t h e s e  modes t h e r e  i s  o f te n  a common m in d - s e t  
which v a lu e s  th e o ry  c o n s t r u c t io n  and th e  r a t i o n a l i t y  of o b j e c t i v e  
em p ir ic ism  (grounded th e o r y  would be one e x c e p t io n .  )
Pedhazur (1982) s t a t e s  t h a t  th e  phenomena and c o n s t r u c t s  of 
th e  b e h a v o r la l  s c ie n c e s  a re  p a r t i c u l a r l y  complex. Every
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phenomenon has  s e v e r a l  so u rc e s  of v a r i a t i o n ,  and th e  c o n s t r u c t s  
th em se lv es  a r e  d i f f i c u l t  t o  d e f in e .  To be a b le  t o  s tu d y  a 
c o n s t r u c t ,  one must be a b le  t o  i d e n t i f y  th e  so u rc e s  of v a r i a t i o n  
and be a b le  -to m easure them in  some way. The i n t e r p r e t a t i o n  of 
th e  r e s u l t s  y ie ld e d  by a  g iv e n  a n a l y t i c  te c h n iq u e  depends on th e  
r e s e a r c h  q u e s t io n  t o  be answered, r e g a r d l e s s  of w he ther  
e x p e r im en ta l ,  q u a s l - e x p e r im e n ta l ,  o r  nonexperlm en ta l r e s e a r c h  
methods a re  u sed .  The t h e o r e t i c a l  frameworK of a  p a r t i c u l a r  
r e s e a r c h  q u e s t io n  th e n  d e te rm in e s  t h e  ch o ice  of m ethodology.
s e v e r a l  s t a t i s t i c a l  m e thodo log ies  p e rm it  r e s e a r c h e r s  to  
a t te m p t  t o  answer q u e s t io n s  r e l a t e d  to  a s s e s s i n g  th e  d eg ree  of 
r e l a t i o n s h i p  between v a r i a b l e s .  These te c h n iq u e s  in c lu d e  
c o r r e l a t i o n  and r e g r e s s i o n  ( b i v a r i a t e  and m u l t i v a r i a t e  v e r s io n s )  
as w e ll  as p a th  a n a l y s i s  and c o v a r ia n c e  s t r u c t u r e  m odeling . 
C o r r e l a t i o n  a d d re s s e s  th e  q u e s t io n  of w hether  t h e r e  is  a 
co r resp o n d en ce  between two v a r i a b l e s .  No assum ptions  can be made 
r e g a rd in g  c a u s a l i t y  o r  o rd e r  of o c c u rre n c e .  Simple r e g r e s s io n  
makes a  p r e d i c t i o n  based  on an assum ption  of o rd e r ,  i . e . ,  th e  
p r e d i c t o r  v a r i a b l e  must be measured b e fo re  th e  c r i t e r i o n .  The 
r e g r e s s io n  model a l s o  makes an a t te m p t  t o  e s t im a te  th e  e r r o r  o r  
u n ex p la in e d  v a r ia n c e .
Most problems in v o lv in g  human b e h a v io r  r e f e r e n c e  more th an  
two v a r i a b l e s  however. M u l t i v a r i a t e  v e r s io n s  of th e s e  te c h n iq u e s  
can be used  to  an a ly z e  r e l a t i o n s h i p s  among t h r e e  o r  more 
v a r i a b l e s .  These te c h n iq u e s  have l i m i t a t i o n s  as  w e l l .  Canonical
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c o r re la t io n  es timates  the s t ren g th  of r e l a t io n s h ip  between two 
se ts  of v a r ia b le s .  These es timates  are known as canonical 
v a r i a t e s .  The v a r i a t e s  are s t i l l  co r re la t ions ,  however, and 
cannot be used to in fe r  c au sa l i ty .  Mult iple regress ion  models 
describe  r e l a t io n sh ip s  between m ul t ip le  p red ic to r  va r iab le s  and a 
c r i t e r i o n .  Variables  must be c l a s s i f i e d  as independent or 
dependent and cannot be both simultaneously.
Path ana lys is  is also a m u l t iv a r ia te  technique. Hypotheses 
concerning l inks between var iab les  can be more complex.
Variables  may simultaneously be independent and dependent 
va r iab les .  The same independent var iab le  may a f f e c t  several 
dependent var iab les  which in turn  a f f e c t  o ther  dependent 
va r iab le s .  There are some l im i ta t ions  to  t h i s  method as wel l .  
Each v a r iab le  is assumed to  be measured without e r ror ,
Covariance s t ru c tu re  modeling allows researchers  to  study 
pa t te rns  of r e la t io n s h ip s  among la t e n t  v a r ia b le s .  The 
r e la t io n s h ip s  which may be spec i f ied  include r e la t io n sh ip s  
between independent and dependent va r iab le s  as well as 
r e la t io n sh ip s  between dependent v a r iab le s .  Thus complex 
sp ec i f i c a t io n s  of v a r iab le  r e l a t io n sh ip s  are possible .
Mult iple  ind ica to rs  measure l a t e n t  cons truc ts  in m ult ip le  
dimensions. These measurements are assumed to  contain error,  and 
the e r ro r  can be estimated as wel l .
The LISREL computer program is but one covariance s t ru c tu re  
modeling method. The general LISREL model includes exploratory
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and c o n f i rm a to ry  f a c t o r  a n a l y t i c  models, p a th  a n a l y s i s  models, 
econom etr ic  models f o r  tim e s e r i e s  da ta ,  r e c u r s i v e  and 
n o n - r e c u r s iv e  models f o r  c r o s s - s e c t i o n a l  and lo n g i tu d in a l  da ta ,  
and s t r u c t u r a l  e q u a t io n  models as s p e c i a l  c a s e s .
R esea rch  q u e s t io n s  in v o lv in g  th e  s p e c i f i c a t i o n  of 
r e l a t i o n s h i p s  among s e t s  of v a r i a b l e s  can be a d d re s se d  by th e  u se  
of LISREL. Many a re a s  of e d u c a t io n a l  r e s e a r c h  have b e n e f i t e d  by  
th e  a p p l i c a t i o n  of th e  LISREL methodology. Some of t h e s e  a re a s  
in c lu d e  program e v a lu a t io n ,  e d u c a t io n a l  psychology, s o c io lo g y  of 
ed u ca tio n ,  and e d u c a t io n a l  a d m in i s t r a t io n .
As an example, C alsyn  & Kenny (1977) e s t im a te d  th e  
r e l a t i o n s h i p  between academic a b i l i t y  and a s p i r a t i o n  u s in g  th e  
LISREL program. Four i n d i c a t o r  v a r i a b l e s  w ere used  t o  measure 
a b i l i t y — a s e l f - c o n c e p t  m easure and th e  p e rc e iv e d  e v a lu a t io n s  of 
p a re n ts ,  te a c h e r s ,  and p e e r s .  Two i n d i c a t o r  v a r i a b l e s ,  
e d u c a t io n a l  a s p i r a t i o n  and c o l l e g e  p lans ,  w ere used  t o  measure 
a s p i r a t i o n . T h e i r  r e s e a r c h  in d i c a te d  t h a t  th e  r e l a t i o n s h i p  
between th e s e  l a t e n t  v a r i a b l e s  (as e s t im a te d  by th e  maximum 
l i k e l i h o o d  m ethod) was l a r g e r  th a n  t h a t  between any l i n e a r  
com bination  of th e  observed  m easures  of a b i l i t y  and a s p i r a t i o n .  
Such a  f i n d i n g  would have been im p o ss ib le  t o  d i s c e r n  w i th o u t  th e  
advan tages  of m u l t i p l e  i n d i c a t o r s  and complex model 
s p e c i f i c a t i o n .  C onventional r e g r e s s io n  and c o r r e l a t i o n  methods 
would n o t  have p e rm i t te d  r e s e a r c h e r s  t o  d e r iv e  a s i n g u l a r  
e s t im a te  of t h e  r e l a t i o n s h i p  between two l a t e n t  v a r i a b l e s .
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A more com p lica ted  example i s  a  s tu d y  of t h e  r e l a t i o n s h i p  
between p r e - c o l l e g e  academic achievem ent and academic achievem ent 
in  t h e  freshm an y e a r  conducted  by Humphreys (1968), Humphreys 
was a b le  t o  use  e i g h t  m easures of g r a d e -p o in t  average , h ig h  
school rank, and American C o lleg e  T e s t in g  s c o r e s  as  i n d i c a to r s  of 
p r e - c o l l e g e  a t ta in m e n t  in  a lo n g i tu d in a l  s im plex  model. These 
m u l t i p l e  m easures p ro v id ed  a more a c c u r a te  and s t a b l e  m easure of 
achievem ent th an  any s i n g l e  m easure . A r e l a t e d  r e s e a r c h  
q u es t io n ,  th e  s t a b i l i t y  of s e m e s te r  g rad es  o v e r  tim e, was 
answered by a t e s t  of th e  p a ram e te r  e s t im a te s  l i n k in g  th e  
r e p e a te d  m easu res .
A c l a s s i c  example of how c o v a r ia n c e  s t r u c t u r e  m odeling 
methods may be a p p l ie d  t o  a d d re s s  co m p lica ted  s u b s t a n t i v e  I s su e s  
is  th e  e v a lu a t io n  of th e  Head S t a r t  sunmer program. Magidson 
(1977) used  th e  LISREL approach  as an a l t e r n a t i v e  t o  a n a ly s i s  of 
c o v a r ia n c e  (ANCOVA) f o r  e v a lu a t in g  perform ance d i f f e r e n c e s .  In 
th e  o r i g i n a l  Head S t a r t  e v a lu a t io n ,  th e  d a t a  c l e a r l y  in d i c a t e  
t h a t  th e  c o n t ro l  group i s  from  a h ig h e r  s o c i a l  c l a s s ,  Magidson 
m a in ta in e d  t h a t  th e  ANCOVA p ro ced u re  was m is le a d in g  in  t h a t  t h e  
s in g l e  c o v a r i a t e  ( f a t h e r ' s  e d u c a t io n )  was i n c o r r e c t l y  assumed t o  
r e p r e s e n t  s o c i a l  c l a s s  p e r f e c t l y .  Magidson r e a n a ly z e d  th e  d a ta  
u s in g  m u l t i p l e  m easures  of socioeconom ic s t a t u s  w hich were 
employed as c o v a r i a t e s  and assumed to  be m easured w i th  e r r o r .  H is 
f i n d i n g s  I n d ic a te d  t h a t  t h e  Head s t a r t  program was more e f f e c t i v e  
th an  o r i g i n a l l y  th o u g h t .
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In sumnary, c o v a r ia n c e  s t r u c t u r e  m odeling  r e p r e s e n t s  b u t  one 
of many q u a n t i t a t i v e  methods t h a t  can be employed in  b e h a v o r la l  
r e s e a r c h .  C ovariance  s t r u c t u r e  m odeling lacKs th e  r ig o ro u s  
c o n t ro l  of ex p e r im en ta l  r e s e a r c h .  The sam ples u sed  in  t h i s  ty p e  
of m odeling  need n o t  be random. In a d d i t io n ,  t h e  d i s t i n c t i o n  
between independen t and dependent v a r i a b l e s  may be l o s t  s in c e  
l a t e n t  v a r i a b l e s  may be s p e c i f i e d ,  as be ing  s im u l ta n e o u s ly  
a f f e c t e d  by a n o th e r  v a r i a b l e  and as a f f e c t i n g  a t h i r d  v a r i a b l e .  
However, because  of t h e  advan tages  of u s in g  m u l t i p l e  in d i c a to r s ,  
of s p e c i f y in g  complex r e l a t i o n s h i p s ,  and of s p e c i f y in g  
measurement e r r o r s ,  LISREL-type c o v a r ia n c e  s t r u c t u r e  m odeling  can 
be v e ry  u s e fu l  in  answ ering  c e r t a i n  ty p e s  of r e s e a r c h  q u e s t io n s .  
H ost o f t e n  th e s e  q u e s t io n s  d ea l  w i th  th e  r e l a t i o n s h i p s  between 
l a t e n t  v a r i a b l e s  a n d /o r  th e  r e l a t i o n s h i p s  between l a t e n t  
v a r i a b l e s  and o b s e rv a b le  i n d i c a t o r  v a r i a b l e s  in  a t h e o r e t i c a l  
system.
The Concept of R obustness
Based upon t h e  re q u ire m e n ts  of a p a r t i c u l a r  s t a t i s t i c a l  
te ch n iq u e ,  th e  " v a l i d i t y "  of a p a ram e te r  e s t im a te  o r  a  t e s t  
s t a t i s t i c  can a l s o  be te rm ed r o b u s t n e s s . Box (1953) f i r s t  used 
t h i s  te rm  in r e f e r e n c e  t o  a  s t a t i s t i c a l  p ro ced u re  t h a t  was 
r e l a t i v e l y  s t a b l e  r e g a r d l e s s  of v i o l a t i o n s  of a ssu m p tio n s .  For
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example, a ssum ptions  of n o rm a l i ty  and randomness a r e  fundam ental 
to  th e  a p p l i c a t i o n  of p a ra m e tr ic  s t a t i s t i c a l  p ro ced u res ,  and much 
r e s e a r c h  has been conducted  t o  i n v e s t i g a t e  th e  e f f e c t s  of 
v i o l a t i o n s  upon such  p ro ced u re s  as F - t e s t s  in  th e  a n a l y s i s  of 
v a r ia n c e .  B ra d le y  ( i9 6 0 )  s t a t e s  however t h a t  t h e r e  i s  no un ifo rm  
c o n cep t of " ro b u s tn e s s "  even among m a th em atica l s t a t i s t i c i a n s ,  
and t h a t  ro b u s tn e s s  i s  dependen t upon a t e c h n i q u e 's  assum ptions 
as w e l l  as t h e  ty p e  of s t a t i s t i c a l  t e s t  used, t h e  sam pling 
p ro c e d u re  involved , and th e  n a tu re  of th e  p o p u la t io n  under  s tu d y .  
R e g a rd le s s  of th e s e  co n ce p tu a l  a m b ig u i t ie s  c o n ce rn in g  th e  n a t u r e  
of r o b u s tn e s s ,  i t  is  u s e f u l  t o  s tu d y  th e  impact of v i o l a t i o n s  of 
assum ptions  f o r  a  p a r t i c u l a r  s t a t i s t i c a l  p rocedu re  and to  r e l a t e  
t h i s  impact t o  th e  a p p l i c a t i o n  of t h e  p ro ced u re  in  a p r a c t i c a l  
r e s e a r c h  s e n se .  In t h i s  way r e s e a r c h e r s  can guard  a g a i n s t  th e  
use  of c e r t a i n  te c h n iq u e s  when Known v i o l a t i o n s  a r e  p r e s e n t  o r  
can d e s ig n  r e s e a r c h  so as t o  p re v e n t  th e  v i o l a t i o n  of p a r t i c u l a r  
assum ptions  t h a t  a r e  Known t o  d i s t o r t  r e s u l t s .
The r o b u s tn e s s  i s s u e  g e n e r a l l y  can be red u ce d  t o  two 
q u e s t io n s :  ( i )  g iven  a  s e t  of da ta ,  can we assume t h a t  th e  d a ta  
a r e  c o n s i s t e n t  w i th  a  p a r t i c u l a r  s t a t i s t i c a l  model; and (E) i f  
we can assume t h a t  th e  d a t a  a r e  c o n s i s t e n t  w i th  t h e  model, what 
i s  t h e  p r o b a b i l i t y  t h a t  f u r t h e r  o b s e rv a t io n s  would a l s o  be 
c o n s i s t e n t  (Cox & Hinkley, 1974). Boomsma (1983) e l a b o r a t e s  on 
th e  ro b u s tn e s s  i s s u e  by n o t i n g  t h a t  o f te n  d e p a r tu r e s  from 
assum ptions  a r e  unknown o r  may be m e re ly  su sp e c te d .  Sometimes
i i
t e s t s  (as f o r  n o rm a l i ty ) ,  g r a p h ic a l  a n a ly s i s ,  o r  p a r t i c u l a r  
Knowledge of th e  r e s e a r c h  c o n d i t io n s  may lead  r e s e a r c h e r s  to  
conclude  t h a t  v i o l a t i o n s  of assum ptions  a re  l iK e ly .  Such 
in s p e c t io n  of d a t a  and th e  s e l e c t i o n  of an a p p r o p r i a t e  p rocedu re  
shou ld  he perform ed as p a r t  of any s t a t i s t i c a l  a n a l y s i s .  In any 
case, " . . . r e s e a r c h  r e s u l t s  from  ro b u s tn e s s  s tu d i e s  shou ld  be 
a v a i l a b l e  t o  g e t  an i n d i c a t i o n  of t h e  e f f e c t  on th e  c o n c lu s io n s  
made in  t h e  a n a ly s i s ,  and h o p e f u l ly  such  r e s u l t s  can be 
i n t e r p r e t e d . . . .  C a r e f u l ly  p lanned  s tu d i e s  in  ro b u s tn e s s  w i l l  be 
needed t o  g ive , w h a tev e r  rough, g u id e l in e s  t o  t h e  a p p l ie d  
s t a t i s t i c i a n "  (Boomsma, 1963, p. 7 ) ,
Monte C a r lo  S im u la t io n  Methods
One of th e  most w id e ly  u sed  te c h n iq u e s  f o r  s tu d y in g  th e  
ro b u s tn e s s  of s t a t i s t i c a l  p ro ced u re s  i s  th e  Monte C arlo  method. 
T h is  method, whose name i s  ta k e n  from  th e  gam bling c a s in o s  a t  
Monte C arlo , was o r i g i n a l l y  a p p l ie d  to  th e  s e c r e t  worK a t  Los 
Alamos d u r in g  World War I I .  The worK invo lved  th e  s im u la t io n  of 
ev en ts  f o l lo w in g  th e  f i s s i o n  of n u c l e a r  m a t e r i a l .  The te rm  
"Monte C ar lo "  t h e r e a f t e r  became a g e n e r ic  te rm  f o r  s t a t i s t i c a l  
s im u la t io n  r e q u i r i n g  sam pling  from  a p a r t i c u l a r  d i s t r i b u t i o n  and 
th e  use  of random o r  pseudorandom numbers (R u b in s te in ,  1961). A 
d i s t i n c t i o n  i s  g e n e r a l l y  made between th e  te rm  s im u la t io n  and th e
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te rm  Monte C a r l o , R u b in s te in  d e f in e s  s im u la t io n  as  any te c h n iq u e  
w hich p e rm i ts  r e s e a r c h e r s  t o  maKe a c c u r a te  d e s c r i p t i o n s  and 
p r e d i c t i o n s  of b e h a v io r  o v e r  p e r io d s  of t im e . S im u la t io n  u s u a l l y  
im p lie s  th e  use  of a n u m erica l  te c h n iq u e  and a com puter t o  t e s t  a 
m a th em a tica l  o r  lo g i c a l  m odel. S im u la t io n  can in c lu d e  such  
d iv e r s e  p ro c e s s e s  as economic modeling, f l i g h t  s im u la t io n ,  war 
games, and b u s in e s s  f o r e c a s t i n g .  R u b in s te in  makes c e r t a i n  
d i s t i n c t i o n s  between s im u la t i o n  and Monte C a r lo  methods (which 
could  be c o n s id e re d  a s p e c i a l  s u b s e t  of s im u la t io n  s tu d ie s } :  (1) 
Monte C a r lo  methods u s u a l l y  a r e  n o t  concerned  w i th  an a s p e c t  of 
f i n i t e  t im e o r  t im e  i s  n o t  as s u b s t a n t i a l  a c o n s id e r a t io n ;  (2) 
th e  o b s e rv a t io n s  in  a Monte C a r lo  experim en t a r e  independen t 
w h i le  t h e  o b s e rv a t io n s  f o r  s im u la t io n  a re  c o r r e l a t e d  o v e r  time; 
and (3) th e  re sp o n se  o r  " s o l u t io n "  f o r  a Monte C a r lo  s tu d y  te n d s  
t o  be a s im p le  one w hich i s  d i r e c t l y  r e l a t e d  t o  th e  in p u t .  Thus 
we would ex p ec t  a  c e r t a i n  amount of s t a b i l i t y  in  th e  r e s u l t s ,  
O th e r  ty p e s  of s im u la t io n ,  on th e  o th e r  hand, a r e  o f t e n  complex, 
and th e  s o l u t i o n s  l ik e w is e  te n d  to  be complex and un ique .
K le l jn e n  (1975) a l s o  p r e f e r s  t o  i n t e r p r e t  s im u la t io n  as  
e x p e r im e n ta t io n  w i th  a model of b e h a v io r  over  t im e .
H anm ersley  & Handscomb (1964) c l a s s i f y  Monte C a r lo  methods 
in to  two t y p e s -  p r o b a b i l i s t i c  and d e t e r m i n i s t i c .  P r o b a b i l i s t i c  
models a r e  concerned w i th  t h e  b e h a v io r  and outcome of random 
v a r i a b l e s  which a r e  d e r iv e d  from  an o r i g i n a l  problem. R ese a rc h e rs  
th en  i n f e r  th e  " s o l u t i o n " -  p r o b a b i l i s t i c  s ta t e m e n t s  abou t th e
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b e h a v io r  of th e  o r i g i n a l  model from  th e  b e h a v io r  of th e  observed  
random numbers. D e te r m in i s t i c  ty p e s  of s tudy , on th e  o th e r  hand, 
do n o t  in v o lv e  th e  use  of random numbers and t h e  s o l u t i o n  i s  
e x a c t  r a t h e r  th a n  i n f e r r e d .  P r o b a b i l i s t i c  Monte C a r lo  methods 
s e rv e  a un ique  p u rpose  in  s t a t i s t i c s  as  th e y  a l lo w  r e s e a r c h e r s  t o  
maKe in f e r e n c e s  based on t h e  g e n e ra te d  sam ples of random 
o b s e rv a t io n s .  O b se rv a t io n s  a re  c o n s id e re d  t o  be more o r  l e s s  
r e p r e s e n t a t i v e  of th e  p o p u la t io n  d a t a  from w hich th e y  were 
der ived ,  and th e  r e d u c t io n  in  u n c e r t a i n t y  of th e  r e s u l t s  i s  
d i r e c t l y  r e l a t e d  t o  th e  number of o b s e rv a t io n s .
S ta tem en t of th e  Problem
C ovariance  s t r u c t u r e  m odeling  u s in g  th e  LISREL program 
r e q u i r e s  th e  r e s e a r c h e r  t o  maKe c e r t a i n  fundam en ta l assum ptions  
abou t t h e  n a t u r e  of th e  a v a i l a b l e  da ta ,  t h e  r e p r e s e n t a t i v e n e s s  of 
th e  sample, and th e  p l a u s i b i l i t y  of th e  t h e o r e t i c a l  model be ing  
t e s t e d .  The s t a t i s t i c a l  p ro c e s s e s  of s p e c i f i c a t i o n ,  e s t im a t io n ,  
and t e s t i n g  of h y p o th e t i c a l  models p resuppose  im p o r tan t  
s t a t i s t i c a l  and t h e o r e t i c a l  c o n d i t io n s ,  and v i o l a t i o n s  of th e s e  
assum ptions  may s e r i o u s l y  J e o p a rd iz e  t h e  c o n s i s t e n c y  of r e s u l t s .  
Such c o n s is te n c y ,  as i t  r e l a t e s  t o  th e  r e l i a b i l i t y  of p a ram ete r  
e s t im a te s  and t e s t  s t a t i s t i c s ,  may a l s o  be term ed r o b u s t n e s s .
The ro b u s tn e s s  of LISREL t o  v i o l a t i o n s  of a ssum ptions  sh o u ld
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be known so  t h a t  a p p l ie d  r e s e a r c h e r s  can make more a p p r o p r ia te  
u se  of t h i s  s o p h i s t i c a t e d  d a t a  a n a l y s i s  t o o l .  The 
a p p r o p r ia te n e s s  of th e  LISREL model and th e  a c c u ra c y  of r e s u l t s  
when known v i o l a t i o n s  o c c u r  a r e  s u b j e c t  t o  q u e s t io n .  Most 
problems r e g a rd in g  ro b u s tn e s s  have l a r g e l y  been ignored  by 
a p p l ie d  r e s e a r c h e r s ,  though  n o t  by c h o ice .  Because LISREL i s  a 
r e l a t i v e l y  new s t a t i s t i c a l  te ch n iq u e ,  s t a t i s t i c a l  r e s e a r c h e r s  
have n o t  y e t  been a b le  t o  answ er most q u e s t io n s  r e g a rd in g  th e  
ro b u s tn e s s  of LISREL, Some r e c e n t  Monte C a r lo  s t u d i e s  have 
examined th e  e f f e c t s  of u s in g  d i s c r e t e  v a r i a b l e s  o r  v a r i a b l e s  
w i th  skewed d i s t r i b u t i o n s ;  o th e r s  have a t tem p ted  to  
s y s t e m a t i c a l l y  rev iew  th e  e f f e c t s  of sample s i z e  and model 
m i s s p e c i f 1c a t io n .  However, much work rem ains b e fo re  
s t a t i s t i c i a n s  o r  a p p l ie d  r e s e a r c h e r s  can f e e l  r e a s o n a b ly  su re  
t h a t  LISREL r e s u l t s  a re  r o b u s t  t o  assum ption  v i o l a t i o n s  o r  t h a t  
v i o l a t i o n s  w i l l  c o n s i s t e n t l y  d i s t o r t  r e s u l t s  in  known and 
p r e d i c t a b l e  ways.
The purpose  of t h i s  s tu d y  i s  t o  examine t h e  ro b u s tn e s s  of 
LISREL maximum l ik e l i h o o d  e s t im a te s  under  s p e c i f i c  c o n d i t io n s  of 
model m i s s p e c i f i c a t i o n  and sample s i z e .  The c o n d i t io n s  of model 
m i s s p e c i f i c a t i o n  in c lu d e  e r r o r s  of om ission  of s t r u c t u r a l  pa ths,  
e r r o r s  of in c lu s io n  of s t r u c t u r a l  pa ths ,  and s im u l tan e o u s  e r r o r s  
of om iss ion  and in c lu s io n  of s t r u c t u r a l  p a th s .  A ll  
m i s s p e c i f i c a t i o n s  a re  examined under  sample s i z e s  of 100  and 2 0 0 . 
By exam ining th e  v a lu e s  of p a ram e te r  e s t im a te s  and comparing them
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to  th e  p o p u la t io n  v a lu es ,  we have more s p e c i f i c  in fo rm a t io n  abou t 
how such  f a c t o r s  a f f e c t  p a ram e te r  e s t im a te s  in  a p p l ie d  r e s e a r c h  
s i t u a t i o n s .  B eh av o r ia l  s c i e n t i s t s  need  t h i s  in fo rm a tio n  in  o rd e r  
t o  make more inform ed d e c i s io n s  abou t model s p e c i f i c a t i o n  and i t s  
r e l a t i o n  t o  s u b s t a n t i v e  th e o ry .
R esea rc h  Q uestions
The r e s u l t s  of p rev io u s  s im u la t io n  s t u d i e s  and th e  
s u b s t a n t i v e  knowledge a v a i l a b l e  on th e  n a tu re  of model 
s p e c i f i c a t i o n  lead  to  s e v e r a l  q u e s t io n s :
(1) Are c e r t a i n  ty p e s  of s p e c i f i c a t i o n  e r r o r  more s e r io u s  in  
te rm s of p a ram e te r  b i a s  a n d /o r  model f i t ?  T h is  q u e s t io n  has 
n e v e r  been a d d re ssed  ad eq u a te ly ,  a l th o u g h  G all  in i  (1983) 
p r e s e n te d  some p r e l im in a r y  o b s e rv a t io n s  and c o n c lu s io n s  in 
t h e  s tu d y  of common s p e c i f i c a t i o n  e r r o r s  in  p a th  a n a l y s i s .
(2) Are compound s p e c i f i c a t i o n  e r r o r s  more l i k e l y  t o  le ad  t o  
p a ram e te r  b ia s  th a n  a r e  s i n g l e  e r r o r s  of om iss ion  o r  
in c lu s io n ?  MacCallum (1986) has a t tem p ted  t o  gauge th e  
e f f e c t s  of compound e r r o r s .  T h is  q u e s t io n ,  however, needs  to  
be answered more s y s t e m a t i c a l l y  by d ev e lo p in g  a ty p o lo g y  of 
p o s s i b l e  e r r o r s  and t e s t i n g  th e  e f f e c t s  of such  e r r o r s  on th e
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same s t r u c t u r a l  m ode l,,
(3) Are sample s i z e s  of 100 more l iK e ly  t o  le a d  to  
p a ram e te r  b i a s  th a n  a r e  samples of 200? Boomsma (1963) 
c o n s id e re d  th e  e f f e c t s  o f  sample s i z e .  Much of t h i s  work, 
however, d e a l t  w i th  th e  ro b u s tn e s s  of f a c t o r  lo a d in g s .  The 
same q u e s t io n  in  r e g a rd  t o  th e  ro b u s tn e s s  of s t r u c t u r a l  
p a ram e te r  e s t im a te s  needs  t o  be answered.
(4) Are sample s i z e s  of 100 more l i k e l y  t o  le a d  to  
problems w i th  Heywood c a se s  o r  nonconvergence of s o lu t i o n s  
th an  a r e  samples of 2 0 0 ? T his  i s s u e  was a l s o  examined in  th e  
Boomsma (1983) s tu d y .  The p r e s e n t  s tu d y  examines t h i s  
problem more th o ro u g h ly  f o r  s t r u c t u r a l  e q u a t io n  m odels.
(5) Because th e  measurement model i s  n o t  m i s s p e c i f ie d ,  w i l l  
f a c t o r  lo ad in g s  be c o n s i s t e n t  from  model t o  model? This 
q u e s t io n  has n o t  been s p e c i f i c a l l y  a d d re s se d  in  any p rev io u s  
s tu d y .
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D e f in i t i o n s  of Terms
c o v a r ia n c e  s t r u c t u r e  a n a l y s i s -  The breakdown of t h e  c o v a r ia n c e s  
o r  c o r r e l a t i o n s  among v a r i a b l e s  in to  e s t im a te s  of t h e  s t r e n g t h  of 
r e l a t i o n s h i p  among c o n s t r u c t s  in  a t h e o r e t i c a l  system .
LISREL(Linear S t r u c t u r a l  RELa t l o n s ) -  One c o v a r ia n c e  
s t r u c t u r e  a n a l y s i s  method used  to  e s t im a te  th e  r e l a t i o n s h i p s  
among v a r i a b l e s .  LISREL i s  a FORTRAN-based com puter program 
w r i t t e n  and developed by JoresK og (1973, 1978) and JoresRog and 
Sorbom (1984), The most c u r r e n t  v e r s io n  of th e  program i s  LISREL 
VI, The LISREL model c o n s i s t s  of two p a r t s ,  a s t r u c t u r a l  e q u a t io n  
model and a measurement model.
s t r u c t u r a l  e q u a t io n  model-  The s t r u c t u r a l  e q u a t io n  model 
d e s c r ib e s  t h e  t h e o r e t i c a l  r e l a t i o n s h i p s  between u n o b se rv ab le  
c o n s t r u c t s  c a l l e d  l a t e n t  v a r i a b l e s . The s t r u c t u r a l  e q u a t io n  
model i s  s i m i l a r  t o  a  p a th  a n a l y t i c  model.
measurement model-  The measurement model d e s c r ib e s  th e  
measurement of th e  l a t e n t  v a r i a b l e s  by one o r  more o bservab le ,  
m a n i f e s t  v a r i a b l e s  c a l l e d  i n d i c a t o r  v a r i a b l e s . The measurement 
model i s  s i m i l a r  t o  a common f a c t o r  a n a l y t i c  model.
Monte C a r lo  s im u la t io n -  A ty p e  of s t a t i s t i c a l  s im u la t io n  which
le
r e q u i r e s  sam pling  th ro u g h  th e  u se  of random o r  pseudorandom 
numbers. In  t h i s  s tudy, a LISREL model w i th  a  known c o v a r ia n c e  
m a tr ix  i s  used  t o  g e n e r a te  sample c o v a r ia n c e  m a t r i c e s  of th e  
same form.
p a ra m e te r -  In s t a t i s t i c s ,  a  p a ram e te r  i s  a  v a lu e  of i n t e r e s t  
(such  as  a mean o r  a r e g r e s s io n  c o e f f i c i e n t )  d e r iv e d  from  a 
p o p u la t io n .  In m ost ty p e s  of s t a t i s t i c a l  a n a l y s i s ,  th e  v a lu e  of 
a  p a ra m e te r  is  unknown,
p a ram e te r  e s t i m a t e -  A sample s t a t i s t i c  c a l c u l a t e d  t o  e s t im a te  a 
p o p u la t io n  p a ram e te r ,  in  t h i s  s tudy, sample c o v a r ia n c e  m a t r ic e s  
w ere g e n e ra te d  and used as  in p u t  t o  th e  LISREL VI computer 
program. The p a ram e te r  e s t im a te s  a re  th e  c o e f f i c i e n t s  and th e  
t e s t  s t a t i s t i c s  ta k e n  from  each  r e p l i c a t i o n .  These e s t im a te s  were 
compared to  th e  p o p u la t io n  p a ra m e te rs ,
s p e c i f i c a t i o n  e r r o r -  LISREL-type s t r u c t u r a l  e q u a t io n  models 
r e q u i r e  an a p p r o p r i a t e  t h e o r e t i c a l  framework to  g u id e  th e  
s p e c i f i c a t i o n  of r e l a t i o n s h i p s  among th e  l a t e n t  and i n d i c a t o r  
v a r i a b l e s .  Any d e v i a t i o n  from  th e  t r u e  s p e c i f i c a t i o n  may be 
te rm ed a  s p e c i f i c a t i o n  e r r o r .  F o r  t h e  purposes  of t h i s  s tudy , 
s p e c i f i c a t i o n  e r r o r  i s  l im i t e d  t o  t h r e e  ty p e s  of s t r u c t u r a l  
model m i s s p e c i f i c a t i o n  under  each  of t h r e e  d i f f e r e n t  c o n d i t io n s  
and two sample s i z e s .
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t rue  model- The t rue  model i f .  the t rue  sp ec i f i c a t io n  of 
r e la t io n s h ip s  among l a t e n t  and ind ica to r  var iab les  f o r  the 
population. In t h i s  study, the  t ru e  model is  Known because i t  is 
an a r t i f i c i a l  one completely spec i f ied  by the  researcher .
b ia s - The average devia t ion of a parameter es timate from the 
value of a population parameter.
robustness- The r e l a t i v e  s t a b i l i t y  of parameter es timates  desp i te  
v io la t io n s  of system or model assumptions.
goodness-of-f i t - The LISREL program measures goodness-of- f i t  by 
making comparisons between the sample data matrix and the 
estimated covariance matrix implied by the s t ru c tu r e  of the 
th e o re t ic a l  model. When the d i f fe rence  between these  two 
matrices  reaches a spec i f ied  minimum level,  the program stops .  A 
x2 s t a t i s t i c  is ca lcu la ted  based on the degree of d i f fe rence .
This s t a t i s t i c  can be used to  determine goodness-o f- f i t .
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L i m i t a t i o n s  of t h e  S tudy
The r e s u l t s  of t h i s  s tu d y  a re  l im i t e d .  Some g e n e ra l  
p a t t e r n s  w i th  r e g a rd  t o  p a ra m e te r  b ia s ,  p a ra m e te r  v a r ia n c e ,  
nonconvergen t s o lu t i o n s ,  im proper s o lu t io n s ,  and g o o d n e s s - o f - f i t  
may be d e t e c t e d .  However, even though  th e s e  p a t t e r n s  may be 
h e lp fu l  in  o th e r  r e s e a r c h  s i t u a t i o n s ,  i t  must be remembered t h a t  
a b s o lu t e  g e n e r a l i z a t i o n  beyond th e  s p e c i f i c  m i s s p e c i f i c a t l o n s  
examined h e re  cannot be g u a ra n te e d .  M is s p e c i f i c a t l o n s  in  cases  
where th e  t r u e  model i s  d i f f e r e n t  may r e s u l t  in  d i f f e r e n t  
p a t t e r n s  of r e s u l t s .  In  a d d i t io n ,  g e n e r a l i z a t i o n s  beyond samples 
of s i z e  100  and 200  a re  n o t  v a l i d .
I I .  REVIEW OF LITERATURE
The Concepts of S t r u c t u r a l  E qua t ion  M odeling
A s t r u c t u r a l  e q u a t io n  model in  i t s  m ost g e n e ra l  fo rm  c o n s i s t s  
of a t h e o r e t i c a l  r e p r e s e n t a t i o n  w hich a t te m p ts  t o  d e f in e  th e  
r e l a t i o n s h i p s  among h y p o th e t i c a l  c o n s t r u c t s  o r  l a t e n t  v a r i a b l e s ,  
such  l a t e n t  v a r i a b l e s  a re  c o n s id e re d  to  be u n o b se rv a b le  and th u s  
canno t be m easured d i r e c t l y .  Examples of such  c o n s t r u c t s  a re  
I n t e l  1lgence  and a s p i r a t i o n . The e x a c t  n a t u r e  of th e s e  
c o n s t r u c t s  can n e v e r  be Known f i r s t - h a n d  o r  be q u a n t i f i e d  
d i r e c t l y .  T h e re fo re  th e  r e l a t i o n s h i p s  between t h e  l a t e n t  
v a r i a b l e s  in  a t h e o r e t i c a l  model may be e s t im a te d  o n ly  i f  c e r t a i n  
o b se rv a b le  o r  m a n if e s t  measurements a re  made. Such measurements 
i n d i v i d u a l l y  o r  c o l l e c t i v e l y  s e rv e  to  r e p r e s e n t  t h e  l a t e n t  
v a r i a b l e .  F or  in s ta n c e ,  a p a r t i c u l a r  achievem ent t e s t  may be 
used  to  r e p r e s e n t  t h e  l a t e n t  c o n s t r u c t  ach ievem ent, o r  f a t h e r ' s  
ed u ca tio n ,  f a t h e r ' s  o ccupa tion ,  and f a m i ly  income may 
c o l l e c t i v e l y  r e p r e s e n t  th e  c o n s t r u c t  socioeconom ic s t a t u s .
The b a s ic  co n ce p ts  of s t r u c t u r a l  e q u a t io n  m odeling  were f i r s t  
fo rm u la te d  by W right (1934). W righ t s t a t e d  t h a t  th e  s t r u c t u r a l  
r e l a t i o n s h i p s  between v a r i a b l e s  may be ex p re s se d  as  l i n e a r  
f u n c t io n s ,  and t h a t  th e  c o r r e l a t i o n s  among th e  v a r i a b l e s  can be 
used to  y i e l d  p a th  c o e f f i c i e n t s  o r  e s t im a te s  of th e
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s t r e n g t h  of l i n e a r  s t r u c t u r a l  r e l a t i o n s h i p s .  Such m odeling  i s  
term ed p a th  a n a l y s i s  and r e q u i r e s  p a r t i c u l a r l y  r i g i d  assum ptions: 
( 1 ) t h a t  a l l  v a r i a b l e s  a re  p e r f e c t l y  measured; (2 ) t h a t  no 
c o r r e l a t i o n s  e x i s t  between th e  independen t v a r i a b l e s  and th e  
e r r o r  te rm s o r  d i s tu r b a n c e s ; and (3) t h a t  t h e  ex p ec ted  v a lu e s  of 
th e  d i s tu r b a n c e s  a r e  ze ro  (Duncan, 1975),
The r e l a t i o n s h i p s  between v a r i a b l e s  in  a  p a th  model can be 
w r i t t e n  In th e  form
y = byxX + e
where y  i s  th e  dependen t o r  endogenous v a r i a b l e ,  x i s  th e  
independen t o r  exogenous v a r i a b l e ,  b i s  t h e  p a r t i a l  r e g r e s s io n  
c o e f f i c i e n t  of y on x, and e i s  th e  d i s tu r b a n c e  o r  e r r o r  te rm . 
P a th  c o e f f i c i e n t s  a re  equal t o  p a r t i a l  r e g r e s s io n  c o e f f i c i e n t s  
when t h e  v a r i a b l e s  have been s ta n d a r d i z e d ,  The e n t i r e  s e t  of 
such  e q u a t io n s  f o r  any p a th  model i s  c a l l e d  t h e  s t r u c t u r a l  m odel. 
The p a th  c o e f f i c i e n t s  f o r  a system  of s t r u c t u r a l  e q u a t io n s  can be 
c a l c u l a t e d  from th e  s im ple  c o r r e l a t i o n s  among th e  v a r i a b l e s  in 
th e  model (Nygreen, 197i ),
P a th  a n a l y s i s  has d i s t i n c t  advan tages  in  t h a t  i t  p e rm its  a 
t h e o r e t i c a l  model t o  be examined th ro u g h  q u a n t i t a t i v e  and 
e m p ir ic a l  means (Wolfle, i9 6 0 ) .  I t  r e q u i r e s  t h e  r e s e a r c h e r  to  
deve lop  a system  of i n t e r r e l a t e d  c o n n ec t io n s  between v a r i a b l e s ;  
th e s e  c o n n e c t io n s  o r  p a th s  must be e x p l i c i t  and shou ld  be based
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on s u b s t a n t i v e  knowledge of th e  problem a t  hand. E a r ly  u s e r s  of 
p a th  a n a l y s i s  in  a p p l ie d  s o c i a l  s c ie n c e  r e s e a r c h  a l s o  f a c e d  some 
of th e  d is a d v a n ta g e s  of t h e  method. The assum ption  of p e r f e c t  
r e l i a b i l i t y  f o r  t h e  l a t e n t  v a r i a b l e s  means t h a t  th e  c o n s t r u c t  has  
o n ly  one m easure w hich i s  assumed to  be " e r r o r - f r e e . " Thus, f o r  
example, t h e  s c o re  on a p a r t i c u l a r  achievem ent t e s t  would be 
assumed to  be a p e r f e c t  m easure  of th e  c o n s t r u c t  achievem ent, an 
assum ption  w hich i s  o f te n  u n r e a l i s t i c  in  th e  s o c i a l  s c ie n c e s .
In a d d i t io n ,  th e  com puta tion  of p a th  c o e f f i c i e n t s  by 
th e  method of o rd in a ry  l e a s t  s q u a re s  (OLS) r e q u i r e s  t h a t  th e  
model be r e c u r s i v e , i . e . ,  t h a t  th e  model have no feed b a ck  loops 
such  t h a t  th e  f lo w  between v a r i a b l e s  in  th e  model i s  
u n i d i r e c t i o n a l ,  OLS e s t im a t io n  can o n ly  be u sed  i f  t h e  model i s  
j u s t - i d e n t l f l e d , t h a t  is ,  i f  t h e r e  i s  o n ly  one p o s s i b l e  e s t im a te  
of each  p a ram ete r  in  th e  sy stem . Also, OLS e s t im a t io n  can be 
a p p l ie d  t o  o n ly  one s t r u c t u r a l  e q u a t io n  a t  a tim e, w hich r e q u i r e s  
t h a t  in fo rm a t io n  abou t p r i o r  v a r i a b l e s  be a v a i l a b l e  in  o r d e r  to  
s o lv e  an e q u a t io n  f o r  a  dependent v a r i a b l e .  O th e r  s i n g l e  e q u a t io n  
methods l i k e  ILS ( i n d i r e c t  l e a s t  s q u a re s )  and 2SLS ( tw o -s tag e  
l e a s t  s q u a re s )  can be used  f o r  more complex m odels . These 
methods a re  more te d io u s ,  however, and n e c e s s i t a t e  t h a t  th e  
r e s e a r c h e r  p re d e te rm in e  th e  i d e n t i f i c a t i o n  s t a t u s  of t h e  model 
(Lomax, 1981). In  c o n t r a s t ,  t h e  LISREL program a u t o m a t i c a l ly  
checks t h e  i d e n t i f i c a t i o n  s t a t u s  of th e  model when maximum 
l i k e l i h o o d  e s t im a te s  a re  employed. T h is  check by th e  program i s
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u s u a l l y  dependab le  (JoresKog & Sorbom, 1984).
Many of th e  problems a s s o c i a t e d  w i th  p a th  m odeling  were 
overcome by  th e  adven t of t h e  LISEEL-type s t r u c t u r a l  e q u a t io n  
model developed  by JoresKog (1969, 1973, 1976). The LISREL model 
c o n ta in s  a s t r u c t u r a l  e q u a t io n  model which i s  e q u i v a l e n t  t o  th e  
p a th  a n a l y s i s  model. T h is  p a r t  of th e  model d e s c r ib e s  t h e o r e t i c a l  
r e l a t i o n s h i p s  among a sy s tem  of l a t e n t  v a r i a b l e s  and c o n s i s t s  of 
a s e t  of l i n e a r  e q u a t io n s .  The second p a r t  of th e  model, th e  
measurement model, d e s c r ib e s  th e  measurement of th e  l a t e n t  
v a r i a b l e s  by o b se rv a b le  o r  i n d i c a t o r  v a r i a b l e s . S ev era l  
i n d i c a t o r  v a r i a b l e s  can be used  t o  m easure one l a t e n t  c o n s t r u c t  
th u s  e l im i n a t in g  th e  p ro b le m a tic  s i t u a t i o n  of assuming p e r f e c t  
measurement as i s  n e c e s s a r y  w i th  p a th  a n a l y s i s .
S p e c i f i c a t i o n  of th e  Model
In o r d e r  t o  examine th e  th e o ry  and s p e c i f i c a t i o n  .of th e  
LISREL model, c o n s id e r  an example taKen from  th e  LISREL VI u s e r ’ s 
Guide (JoresKog & Sorbom, 1964, p. I I I . 6 1 ) ,  Conducted by Duncan, 
H a l l e r ,  & P o r te s  (1971), t h i s  s tu d y  a t te m p te d  to  model p e e r  
in f lu e n c e s  on am bition , w i th  am b it io n  be ing  m easured by two 
i n d i c a t o r  v a r i a b l e s  f o r  e d u c a t io n a l  a s p i r a t i o n  and o c c u p a t io n a l  
































FIGURE 1, DUNCAN, HALLER & FORTES (1971) EXAMPLE
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The s t r u c t u r a l  model c o n s i s t s  of t h e  l a t e n t  v a r i a b l e s  which 
a r e  d e s ig n a te d  by s n f o r  t h e  exogenous o r  independen t 
v a r i a b l e s  in  th e  system  and by f o r  th e  endogenous o r  
dependen t v a r i a b l e s  in  t h e  system . The v e c t o r s  £  and 2} 
a re  random v e c to r s ,  and t h e i r  r e l a t i o n s h i p s  a r e  r e p r e s e n te d  by 
s t r u c t u r a l  e q u a t io n s  of th e  form
a =  ®D + Tjg +
where B i s  a m x m m a t r ix  of s t r u c t u r e  c o e f f i c i e n t s  r e l a t i n g  
th e  endogenous v a r i a b l e s  t o  th e  o t h e r  endogenous v a r i a b l e s ,  r  
i s  a m x n m a tr ix  of s t r u c t u r e  c o e f f i c i e n t s  r e l a t i n g  th e  
exogenous v a r i a b l e s  t o  t h e  endogenous v a r i a b l e s ,  and £  i s  a 
random v e c t o r  of d i s tu r b a n c e s  o r  e r r o r s  in  t h e  e q u a t io n s .  I t  is  
assumed t h a t  £  i s  u n c o r r e l a t e d  w i th  jj and t h a t  th e  m a tr ix  
I-B  i s  n o n s in g u la r  ( i n v e r t i b l e ) .
The measurement model c o n s i s t s  of th e  i n d i c a t o r  v a r i a b l e s  
w hich r e p r e s e n t  t h e  u n o b se rv a b le  l a t e n t  v a r i a b l e s .  L e t  ^  be a 
P x 1 v e c t o r  of m a n i f e s t  m easures  f o r  t h e  endogenous v a r i a b le s ,  
and l e t  x be a q x i v e c t o r  of m a n i f e s t  m easures f o r  th e  
exogenous v a r i a b l e s ,  The e q u a t io n s  f o r  th e  measurement model a r e
X  = Ay 3  + e,
and
X = ^  £  + 6,
w hich s p e c i f y  th e  f a c t o r  lo a d in g s  of th e  i n d i c a t o r  v a r i a b l e s  on 
th e  l a t e n t  v a r i a b l e s .  Ay (p x m) and Ax (q X n )  a re  
r e g r e s s io n  m a t r ic e s  of on 3  and of x on r e s p e c t i v e l y .
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I t  i s  assumed t h a t  th e  e r r o r s  o f  measurement e and 6 a r e  
u n c o r r e l a t e d  w i th  each o th e r  o r  w i th  t h e  te rm s  3 , £, o r  
£  of th e  s t r u c t u r a l  model.
F o r  th e  example, th e  independen t l a t e n t  v a r i a b l e s ,  th e  
S 's ,  a r e  r e p r e s e n te d  by o n ly  one i n d i c a t o r  v a r i a b l e  each.
Thus t h e r e  i s  no measurement model f o r  th e  exogenous v a r i a b l e s ,
and th e  f a c t o r  lo a d in g s  Ax a r e  f i x e d  t o  be equal t o  i .O .  A ll  
e r r o r s  of measurement a re  f i x e d  to  z e ro .  Each of t h e  endogenous 
v a r i a b l e s  i s  r e p r e s e n te d  by  two i n d i c a t o r  v a r i a b l e s .  In  a d d i t io n ,  
th e r e  i s  a r e c i p r o c a l  o r  n o n - r e c u r s lv e  r e l a t i o n s h i p  between th e  
two endogenous v a r i a b l e s ,  These r e c i p r o c a l  p a th s  a r e  deno ted  by 
p 12 and 02 1 . T h is  ty p e  of s p e c i f i c a t i o n  i s  t h e o r e t i c a l l y  
sound s in c e  one would ex p ec t  t h a t  b e s t  f r i e n d  in f lu e n c e s  would be 
s im u ltan e o u s  r a t h e r  th an  u n i d i r e c t i o n a l .
The s t r u c t u r a l  eq u a t io n s  f o r  t h i s  model a re
*Hl = Pi 2^2 + >11*1 + >12*2 + >13*3 + >14*4 + Si
'Hs = P2l'rli + >23*3 + >24*4 + >25*5 + >26*6 + £2*
and f o r  th e  m easurement model, th e  e q u a t io n s  r e l a t i n g  th e  iT s  
t o  th e  y ' s ,  a r e
>1 -- M l ^ i  + *1 
y2 = A gi^i + e2 
>3 = *32‘rl2 + €3 
y4  = A42-n2 + .
E s t im a t io n  of th e  LISREL Model
In o r d e r  t o  e s t im a te  th e  unknown pa ram ete rs  of t h i s  model, 
i t  i s  n e c e s s a r y  to  c o n s id e r  t h e  sample c o v a r ia n c e  m a t r ix  S as 
an app rox im ation  of th e  p o p u la t io n  c o v a r ia n c e  m a tr ix  Z 
a s s o c i a t e d  w i th  t h e  c o v a r ia n c e  s t r u c t u r e  imposed by th e  model. 
I t  can be shown t h a t  th e  m a t r ix  Z a s s o c i a t e d  w i th  t h e  model 





S y y  = A y d - B r ^ r o r *  +  v ) d -  B ' r U y ’ + e e , 
Zxx = AjtMx' + e<5>
Exy = Ax <jf”  d - B '  )-1Ay’, and
S y x  = A y d - B ' j - i r f l A x ’ .
The e lem ents  of Z a re  f u n c t i o n s  of th e  m a t r i c e s  Ay, Ax , B, 
r ,  4>, V, ee , and e<j.
These m a t r ic e s  a r e  summarized as  fo l lo w s  and a r e  shown f o r  
th e  example in  F ig u re  2;
Ay and a re  m a t r ic e s  of f a c t o r  lo a d in g s  f o r  th e  
measurement model.
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NOTE: S in c e  t h e r e  i s  no measurement model f o r  t h e  exogenous 
v a r i a b l e s ,  Ax i s  an i d e n t i t y  m a tr ix ,  i s  a n u l l  m a tr ix ,  
and 4> i s  a  d ia g o n a l  m a t r ix  w hich c o n ta in s  v a r i a n c e  te rm s .
FIGURE 2, MATRICES FOR EXAMPLE
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v a r i a b l e s  t o  th e  o th e r  endogenous v a r i a b l e s ,  
r  i s  t h e  m a t r ix  of s t r u c t u r e  c o e f f i c i e n t s  r e l a t i n g  th e  
exogenous v a r i a b l e s  t o  th e  endogenous v a r i a b l e s .
*  i s  th e  v a r i a n c e - c o v a r i a n c e  m a t r ix  (n x n )  of th e  
exogenous v a r i a b l e s  s .  The o f f - d ia g o n a l  te rm s a re  
u sed  t o  i n d i c a t e  th e  r e l a t i o n s h i p s  among th e s e  v a r i a b l e s ,  
i s  th e  v a r i a n c e - c o v a r i a n c e  m a t r ix  (m x m) of th e  
d i s tu r b a n c e s  £, and th e  o f f -d ia g o n a l  te rm s in d i c a t e  
c o r r e l a t e d  e r r o r s  among th e  s t r u c t u r a l  e q u a t io n s .
6d and 6e a r e  th e  v a r i a n c e - c o v a r i a n c e  m a t r ic e s
of t h e  measurement e r r o r s ,  and th e  o f f - d ia g o n a l  te rm s 
i n d i c a t e  c o r r e l a t i o n s  of th e  measurement e r r o r s .
The e lem ents  of th e s e  e i g h t  m a t r ic e s  can be e i t h e r  f ix e d ,  
c o n s t r a in e d ,  o r  f r e e .  F ix ed  p a ram e te rs  a re  a s s ig n e d  c e r t a i n  
v a lu e s  p r i o r  t o  e s t im a t io n  of th e  model, u s u a l l y  one o r  
2e ro .  c o n s t r a i n e d  p a ram e te rs  a re  unKnown bu t a re  s p e c i f i e d  to  be 
equal t o  one o r  more of th e  o th e r  p a ram e te rs  because  of some 
p a r t i c u l a r  t h e o r e t i c a l  c o n s id e r a t io n .  F re e  p a ra m e te rs  a r e  
unKnown and a re  t o  be e s t im a te d  by th e  LISREL program. These a re  
u s u a l l y  t h e  pa ram ete rs  of i n t e r e s t ,  and th e  LISREL program can 
p ro v id e  v a lu e s  f o r  th e s e  p a ram e te rs  as  w e ll  as  t h e i r  s ta n d a rd  
e r r o r s ,  t - v a l u e s ,  and o t h e r  s t a t i s t i c s .
The e s t im a t io n  of p a ram e te rs  by LISREL can be done u s in g  
s e v e ra l  d i f f e r e n t  e s t im a t io n  p ro c e d u re s .  The m ost c u r r e n t
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v e r s io n  of t h e  program (LISREL V I) p ro v id e s  n o n - l t e r a t e d  i n i t i a l  
e s t im a te s  and e i t h e r  ULS (unw eighted l e a s t  s q u a re s ) ,  GLS 
(g e n e ra l iz e d  l e a s t  s q u a re s ) ,  o r  ML (maximum l iK e l ih o o d )  
e s t im a te s .  ULS, GLS, and ML e s t im a te s  a re  i t e r a t i v e  p ro ced u re s  
w hich m inim ize  a  f i t t i n g  f u n c t i o n .  The i t e r a t i v e  ML 
a lg o r i th m  used  f o r  LISREL i s  c a l l e d  t h e  F le t c h e r - P o w e l1 
a lg o r i th m  (JoresKog & Sorbom, 1984). s t a r t i n g  w i t h  t h e  i n i t i a l  
e s t im a te s ,  s u c c e s s iv e  a d ju s tm e n ts  a re  made in  t h e  p a ram e te r  
e s t im a te s  u n t i l  t h e  c o v a r ia n c e  m a t r ix  s  v e ry  c l o s e l y  app rox im ates  
th e  c o v a r ia n c e  m a tr ix  £  im p lied  by th e  model. When th e  
app rox im ation  of s re a c h e s  an a c c e p ta b le  le v e l  of " f i t "  (d e f in e d  
as F 5 log |S |  + t r  (S S _ 1 ) -  l o g |S |  -  (p+q)) th e n  th e  
p ro ced u re  h a l t s .  The s o l u t i o n  i s  s a id  t o  have co n v erg e d .
Maximum l iK e l ih o o d  e s t i m a t io n  i s  u s u a l l y  t h e  p ro ced u re  of 
ch o ice  f o r  a number of p r a c t i c a l  re a s o n s  (JoresKog & Sorbom,
1964; E th in g to n ,  1985). Maximum l iK e lih o o d  e s t im a te s  a r e  based 
on th e  assum ption  t h a t  t h e  observed  v a r i a b l e s  have a m u l t i v a r i a t e  
normal d i s t r i b u t i o n ,  and u n d e r  t h i s  assum ption  ML e s t im a te s  
shou ld  be more p r e c i s e  in  l a rg e  samples th a n  ULS o r  GLS 
e s t im a te s .  Some r e c e n t  s t u d i e s  have compared t h e  p r e c i s i o n  of t h e  
ML e s t im a t io n  p ro ced u res  a g a i n s t  o th e r  methods such  as th e  ADF 
( a s y m p to t i c a l ly  d i s t r i b u t i o n - f r e e )  te c h n iq u e  and th e  GLS 
te c h n iq u e  (Browne, 1984; Muthen & Kaplan, 1985). In  g e n e ra l ,  in  
extrem e cases  of n o n -n o rm a l i ty ,  ML and GLS e s t im a te s  a re  n o t  
o v e r ly  b ia sed ,  b u t  s ta n d a rd  e r r o r s  and g o o d n e s s - o f - f i t  s t a t i s t i c s
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a re  s e r i o u s l y  a f f e c t e d .  U sing  maximum l i k e l i h o o d  s o l u t i o n s  can 
have some drawbacks in  t h a t  d e v ia t io n s  from  n o r m a l i t y  can r e s u l t  
in  m is le a d in g  p a ra m e te r  e s t im a te s  a n d /o r  s ta n d a rd  e r r o r s .  
Convergence problems can a l s o  occur, r e s u l t i n g  in  im proper 
s o l u t i o n s  t h a t  do n o t  meet th e  m in im iz a t io n  c r i t e r i a  o r  in  
n e g a t iv e  e s t im a te s  f o r  p a ram e te rs  t h a t  a re  v a r i a n c e s  [ c a l l e d  
Heywood c a se s  (Boomsma, 1 9 6 2 a)] .  However, t h e r e  i s  ev id en ce  by 
Huba & Harlow (1983) t h a t  ML e s t im a to r s  a r e  as  s t a b l e  as 
d i s t r i b u t i o n - f r e e  e s t i m a t o r s  under  c o n d i t io n s  of nominal 
skewness, and ML e s t im a t io n  i s  r e l a t i v e l y  in e x p e n s iv e  and 
e f f i c i e n t .  For m a t t e r s  of p r a c t i c a l i t y ,  one must a l s o  c o n s id e r  
t h a t  t h e  p r e s e n t  LISREL program does n o t  p ro v id e  s ta n d a r d  e r r o r s  
and g o o d n e s s - o f - f i t  s t a t i s t i c s  f o r  e s t im a te s  o t h e r  th a n  maximum 
l i k e l i h o o d .  The LISREL program a l s o  checks on th e  i d e n t i f i c a t i o n  
s t a t u s  of a model when ML e s t im a t io n  i s  used  b u t  n o t  when ULS i s  
employed (C uttance, 1983).
S p e c i f i c a t i o n  in  t h e  LISREL Model: T h e o r e t i c a l  
and P r a c t i c a l  c o n s id e r a t i o n s
S t r u c t u r a l  e q u a t io n  m odeling, c o v a r ia n c e  s t r u c t u r e  modeling, 
th e  a n a l y s i s  of c o v a r ia n c e  s t r u c t u r e s ,  l i n e a r  s t r u c t u r a l  
r e l a t i o n s  modeling, s im u l ta n e o u s  e q u a t io n  m odeling, and LISREL 
m odeling  a re  o f te n  r e f e r r e d  t o  under  th e  more g e n e ra l  r u b r i c  of
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c a u sa l  m odeling  (Asher, 1983). T h is  t e r n  may be m is le a d in g  in  
t h a t  such  m odeling  u s u a l l y  does n o t  s tem  from  a t r u e  experim en ta l 
s i t u a t i o n  and as  such  canno t be t r u l y  used  t o  i n f e r  c a u s a t io n .  
Long (1963) s t a t e s  t h a t  th e  m a t r ix  S  c o n ta in s  th e  c o v a r ia n c e s  
c h a r a c t e r i z i n g  th e  r e l a t i o n s h i p s  among th e  observed  v a r i a b le s ,  
and t h a t  t h i s  m a t r ix  2  i s  decomposed " . . . b y ' a  model t h a t  
assumes t h a t  unobserved  v a r i a b l e s  a re  g e n e ra t in g  t h e  p a t t e r n  o r  
s t r u c t u r e  among th e  observed  v a r i a b l e s "  (p. l i ) .
The s p e c i f i c a t i o n  of th e  model th e n  does n o t  s tem  from  
s t r i c t l y  c a u sa l  in fe re n c e s ,  b u t  r e s u l t s  from  t h e o r e t i c a l  
c o n s id e r a t io n s  of how l a t e n t  v a r i a b l e s  i n t e r r e l a t e  w i th in  a 
system . S o p h i s t i c a t e d  programs liKe LISREL VI have In c re a s e d  th e  
r i g o r  w i th  w hich r e s e a r c h e r s  can an a ly ze  d a t a  b u t  a t  th e  same 
t im e  th e y  have p re s e n te d  s e v e re  m t e r p r e t a t i o n a l  problems when 
a t te m p t in g  t o  make c au sa l  in f e r e n c e s  abou t h y p o th e t ic a l  
c o n s t r u c t s  ( C l i f f ,  1983). As th e  l e v e l s  of c o m p lex ity  and 
s o p h i s t i c a t i o n  a s s o c ia t e d  w i t h  te c h n iq u e s  l i k e  LISREL r i s e ,  i t  
becomes r e l a t i v e l y  ea sy  t o  lo s e  s i g h t  of t h a t  in v i o l a b l e  caveat,  
" C o r r e la t io n  does n o t  i n f e r  c a u s a l i t y . "  C o v a r i a t io n  among 
v a r i a b l e s  may o r  may n o t  r e p r e s e n t  a  cause; t h e  c o v a r i a t i o n  may 
be due t o  s p u r io u s  c o r r e l a t i o n  o r  t h e r e  may be s i g n i f i c a n t  
in t e r v e n in g  v a r i a b l e s  masking th e  d i r e c t n e s s  of th e  e f f e c t .
Causal in f e r e n c e s  of a dubious n a t u r e  may r e s u l t  in  poor m odeling 
p r a c t i c e s ,  i n c o r r e c t  p a ram e te r  e s t im a te s ,  and in v a l id  
c o n c lu s io n s .  Poor models r e i n f o r c e  poor th e o ry  and do l i t t l e  to
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advance fundam ental knowledge in  th e  f i e l d .
James, MUlaik, & B r e t t  (1982) make a d i s t i n c t i o n  between a 
f u n c t i o n a l  r e l a t i o n  w hich i s  d e t e r m i n i s t i c  and a f u n c t io n a l  
r e l a t i o n  w hich i s  p r o b a b i l i s t i c .  F or  example, th e  l i n e a r  
e q u a t io n
Y : + byxgX£
i s  d e t e r m i n i s t i c  because  X* and Xg c o m p le te ly  d e te rm in e  Y. 
However, in  s o c ia l  s c ie n c e  r e s e a r c h  th e  number of p o s s ib le  
f u n c t i o n a l  r e l a t i o n s h i p s  between a l l  p o s s i b l e  v a r i a b l e s  i s  
i n f i n i t e .  The d e t e r m i n i s t i c  n o t io n  of a c c u r a t e l y  s p e c i f y in g  a l l  
components of a cau sa l  r e l a t i o n s h i p  i s  u n re a so n a b le ,  i n s t e a d  we 
m ust t a k e  a p r o b a b i l i s t i c  v iew  of r e l a t i o n s h i p s  and s p e c i f y  th e  
l i n e a r  e q u a t io n  as
Y = b y x ! Xi  + b y x g Xg + e 
where e i s  a random e r r o r  o r  d i s tu r b a n c e  te rm  w hich accoun ts  f o r  
a l l  of th o s e  unknown in f lu e n c e s  n o t  s p e c i f i e d  by Xt o r  Xg.
A d i s t i n c t i o n  is  made between what v a r i a b l e s  a re  in c lu d ed  
e x p l i c i t l y  in  th e  model and what v a r i a b l e s  a r e  r e p r e s e n te d  by th e  
component e . James e t  a l .  (1982) r e f e r  t o  t h i s  d i s t i n c t i o n  as 
th e  d i f f e r e n c e  between a m easured r e l e v a n t  cau se  and an 
unmeasured r e l e v a n t  c a u s e . T h is  d i s t i n c t i o n  cou ld  a l s o  be 
ex tended  t o  in c lu d e  a  measured i r r e l e v a n t  cause  and an unmeasured 
i r r e l e v a n t  cause . The f a i l u r e  t o  in c lu d e  a l l  r e l e v a n t  cau ses  o r
to  exc lude  a l l  i r r e l e v a n t  cau ses  in  a  s t r u c t u r a l  e q u a t io n  model 
can r e s u l t  in  b ia s e d  p a ra m e te r  e s t im a te s  and e r ro n eo u s
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c o n c lu s io n s ,  A r e l e v a n t  cause  i s  d e f in e d  as a  v a r i a b l e  t h a t :
(a) has a non-minor, d i r e c t  in f lu e n c e  on th e  e f f e c t ,
(b) i s  s t a b l e ,
(c )  i s  r e l a t e d  to  a t  l e a s t  one o th e r  cause  in c lu d ed  
e x p l i c i t l y  in  a  f u n c t i o n a l  eq u a t io n ,  and
(d) makes a un ique  c o n t r i b u t i o n  t o  a  f u n c t i o n a l  e q u a t io n  
(James e t  a l . ,  p. 23 ) .
The in c lu s io n  of a l l  r e l e v a n t  cau ses  (and o n ly  r e l e v a n t  
c a u s e s )  in  a f u n c t i o n a l  e q u a t io n  g u a ra n te e s  t h a t  th e  d i s tu r b a n c e  
te rm  e w i l l  in c lu d e  o n ly  th o s e  cau ses  of y t h a t  a r e  minor, 
i n d i r e c t ,  u n s ta b le ,  independent,  and random. T h e re fo re ,  a 
r e s e a r c h e r  m ust th in k  of th e  model as a subsys tem  of a l a r g e r  
t h e o r e t i c a l  system, b u t  t h a t  subsystem  must be " c lo se d "  o r  
s e l f - c o n t a i n e d  (Baldwin, 1986a). in  r e a l i t y ,  of course ,  no model 
can e v e r  be t r u l y  s e l f - c o n t a in e d ;  b e h a v o r ia l  th e o r y  i s  to o  
complex f o r  such  g ro s s  o v e r s i m p l i f i c a t i o n .  S in c e  a l l  r e l e v a n t  
v a r i a b l e s  canno t be e n te r e d  in to  th e  model, t h e  problem  red u ces  
t o  c o n s t r u c t in g  th e  model such  t h a t  a l l  known r e l e v a n t  cau ses  a r e  
inc luded  w h i le  r e c o g n iz in g  t h a t  such  a  p ro ced u re  i s  g u a ra n te e d  to  
be t h e o r e t i c a l l y  incom ple te  (B lalock, 1982).
James (1980) o u t l i n e s  a  s e r i e s  of " d e c i s io n  s te p s "  w hich can
be used  t o  d e te rm in e  i f  an unmeasured cause  i s  r e l e v a n t  o r  n o t .  
These d e c i s io n  s t e p s  a re  h ig h l y  s u b j e c t i v e  and u n t e s t a b l e  in  th e  
v e r i f i c a t i o n  sense; however th e y  may be u s e f u l  when d e r iv i n g  an
i n i t i a l  e x p l o r a to r y  m ode l. The f i r s t  s t e p  c o n s i s t s  of
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i d e n t i f y i n g  a l l  known "m ajo r  and m odera te  cau ses"  of th e  
dependen t v a r i a b l e .  The r e s e a r c h e r  shou ld  th e n  d e c id e  i f  any 
unmeasured cause  c o r r e l a t e s  w i th  any cause  a l r e a d y  in  t h e  model. 
( I d e n t i f i c a t i o n  and th e  e s t i m a t e  of c o r r e l a t i o n  s tem  from  
r e f e r e n c e  t o  p a s t  r e s e a r c h  and th e o ry  in  r e g a rd  t o  a  s p e c i f i c  
p ro b le m .) A t t h i s  p o in t ,  James encourages  a  d e c i s io n  based  on th e  
a b s o lu t e  v a lu e  of th e  c o r r e l a t i o n ;  a low c o r r e l a t i o n  (between ± 
. 2 0 ) would a l lo w  th e  r e s e a r c h e r  t o  d i s r e g a r d  th e  unmeasured cause  
as  i t s  in c lu s io n  in  th e  model would n o t  d i s t o r t  param ete r  
e s t im a te s  o r  o th e r  r e s u l t s .  A m odera te  t o  h ig h  c o r r e l a t i o n  
however w a r ra n ts  a model a l t e r a t i o n  i f  th e  unmeasured v a r i a b l e  
makes a un ique  c o n t r i b u t i o n  to  th e  dependen t v a r i a b l e .  The 
un ique  c o n t r i b u t i o n  can be viewed in  te rm s of redundancy, t h a t  
is ,  i f  t h e r e  i s  a m u l t i c o l l i n e a r i t y  problem and th e  l a t e n t  
v a r i a b l e s  a r e  in  e f f e c t  t h e  same c o n s t r u c t  o r  a r e  h ig h ly  s im i la r ,  
th e n  th e  v a r i a n c e  c o n t r i b u te d  by th e  a d d i t i o n a l  v a r i a b l e  i s  n o t  
u n ique . The p re se n c e  of unmeasured r e l e v a n t  cau ses  r e s u l t s  in 
c o v a r i a t i o n  between th e  e x p l i c i t  causes  and th e  d i s tu r b a n c e  te rm  
e. Such c o v a r i a t i o n  i s  a v i o l a t i o n  of LISREL assum ptions  and may 
r e s u l t  in  b ia s e d  pa ram ete r  e s t i m a t e s .  T h is  ty p e  of e r r o r  i s  
term ed an e r r o r  of o m is s io n . The e x i s t e n c e  of a m easured 
i r r e l e v a n t  cause  in  a  model i s  term ed an e r r o r  of i n c l u s i o n . The 
ju d i c io u s  s e l e c t i o n  of v a r i a b l e s  based  on th e  b e s t  
a v a i l a b l e  app rox im ation  of a s e l f - c o n t a i n e d  sys tem  w i l l  r e s u l t  in  
th e  improved s p e c i f i c a t i o n  of s t r u c t u r a l  m odels .
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Two o th e r  c o n s id e r a t io n s  must a l s o  e n t e r  i n t o  th e  
m o d e l-b u i ld in g  p rocess :  ( ! )  t h e  s p e c i f i c a t i o n  of c au sa l  order ,  
and (£) th e  s p e c i f i c a t i o n  of c au sa l  d i r e c t i o n  (Baldwin, 1986a). 
Causal o r d e r  i s  i n d i c a t i v e  of th e  tem poral sequence r e l a t i n g  th e  
v a r i a b l e s  in  th e  system; t h a t  i s ,  we assume t h a t  i f  X a f f e c t s  Y, 
th e n  X m ust o ccu r  f i r s t .  I t  i s  th e n  n a t u r a l  t o  th inK  of a 
s p e c i f i c  t im e  la p se  between th e  o ccu rren c e  of X and Y, a l th o u g h  
in  some case s  th e  e la p se d  tim e may be so i n s i g n i f i c a n t  t h a t  i t  
ap p ea rs  t h a t  X and Y a r e  s im u l ta n e o u s .  In s t r u c t u r a l  e q u a t io n  
models, i t  i s  n o t  n e c e s s a ry  t o  s p e c i f y  th e  c a u sa l  i n t e r v a l ,  b u t  a 
cau sa l  o rd e r  must be s p e c i f i e d .  The a rrangem en t of th e  v a r i a b l e s  
in  th e  g ra p h ic  r e p r e s e n t a t i o n  of th e  model r e l a t e s  th e  causa l  
o rd e r in g  of th e  l a t e n t  c o n s t r u c t s .
As w i th  th e  s e l e c t i o n  of v a r i a b l e s ,  t h e  s p e c i f i c a t i o n  of 
c a u sa l  o r d e r  can be q u i t e  d i f f i c u l t ,  e s p e c i a l l y  in  th e  absence  of 
g u id in g  th e o ry .  I n s i g n i f i c a n t  o r  u n o b se rv ab le  c a u sa l  i n t e r v a l s  . 
may lead  th e  r e s e a r c h e r  t o  m i s s p e c i f y  c a u s a l  o r d e r  by im plying 
s im u l t a n e i t y  when i t  does n o t  e x i s t  o r  by r e v e r s in g  th e  t r u e  
c au sa l  o rd e r .
S t r u c t u r a l  e q u a t io n  models liK ew ise  r e q u i r e  t h e  s p e c i f i c a t i o n  
of c a u sa l  d i r e c t i o n ,  in  th e  Duncan, H a l l e r  & F o r te s  
(1971) example p re s e n te d  m  th e  second s e c t i o n  of t h i s  ch a p te r ,  a 
r e c i p r o c a l  e f f e c t  was s p e c i f i e d  between th e  two endogenous 
v a r i a b l e s  and 7i2 . A model w hich c o n s id e r s  r e c i p r o c a l  
c a u s a t io n  i s  te rm ed n o n - r e c u r s lv e  w h ile  a model in  w hich a l l
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p a th s  a r e  u n i d i r e c t i o n a l  i s  c a l l e d  r e c u r s i v e . In  t h e  example, 
th e  c a u s a l  o r d e r  of i)* and T)g i s  i r r e l e v a n t .  The e f f e c t  
of th e  m utual c a u s a t io n  i s  a  dynamic system, and i t  is  assumed 
t h a t  such  r e c i p r o c i t y  r e a c h e s  a t h e o r e t i c a l  s t a t e  of e q u i l ib r iu m  
(Namboordirl, C a r te r ,  & B la lock ,  1975). The c a u sa l  i n t e r v a l  i s  
i n s i g n i f i c a n t  and may be r e g a rd e d  as app roach ing  z e ro .
In co n c lu s io n ,  when s t r u c t u r a l  e q u a t io n  models a r e  u sed  in  
th e o ry - b u i ld in g ,  th e  em phasis in  s p e c i f i c a t i o n  i s  on d e f in in g  th e  
model so as t o  co rresp o n d  as  c l o s e l y  as p o s s i b l e  t o  th e  t r u e  
n a tu re  of th e  r e l a t i o n s h i p s  among v a r i a b l e s .  In  o th e r  words, one 
w ishes  t o  s p e c i f y  as e x a c t l y  as p o s s ib le  how a change in  one 
v a r i a b l e  a f f e c t s  a n o th e r  v a r i a b l e .  In  any exam ina tion  of c au sa l  
r e l a t i o n s ,  one would want t o  know (1 ) i f  a r e l a t i o n s h i p  a c t u a l l y  
e x i s t s ,  t h a t  is ,  t h e r e  e x i s t s  a n o n -ze ro  c o r r e l a t i o n ;  (2 ) i f  th e  
n a tu r e  of th e  r e l a t i o n s h i p  i s  such  t h a t  i t  sh o u ld  be s p e c i f i e d  in  
th e  model based  upon th e  im portance  of t h e  v a r i a b l e  t o  th e  t o t a l  
system; and (3) i f  t h e  o rd e r  and d i r e c t i o n a l i t y  of c a u s a l i t y  can 
be s p e c i f i e d .
The S p e c i f i c a t i o n  Search: A s c e r ta in in g  g o o d n e s s - o f -F i t
A f t e r  t h e  e s t im a t io n  of th e  i n i t i a l  s t r u c t u r a l  and 
measurement models, t h e  p r a c t i c a l  a p p l i c a t i o n  of LISREL r e q u i r e s  
an exam ina t ion  of p a ram e te r  e s t im a te s ,  t h e i r  s ta n d a rd
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e r r o r s ,  t - v a l u e s ,  m o d i f i c a t io n  in d ic e s ,  and th e  c h i - s q u a r e  
(x2 ) s t a t i s t i c  t o  a s c e r t a i n  tn e  o v e r a l l  g o o d n e s s - o f - f i t  f o r  
th e  m odel. The t - s t a t i s t l c  i s  th e  r a t i o  of a  p a ram e te r  e s t im a te  
t o  i t s  s ta n d a rd  e r r o r .  The v a lu e  of th e  t - s t a t i s t l c  a s s o c ia t e d  
w i th  a p a ra m e te r  in  th e  measurement and s t r u c t u r a l  models 
i n d i c a t e s  t h e  a p p r o p r ia te n e s s  of in c lu d in g  t h a t  p a ram ete r  in  th e  
model. F o r  in s ta n c e ,  an I n s i g n i f i c a n t  t - v a l u e  may in d i c a t e  t h a t  
an i n d i c a t o r  v a r i a b l e  i s  n o t  a good m easure of a p a r t i c u l a r  
l a t e n t  v a r i a b l e  o r  t h a t  a s t r u c t u r a l  p a th  p r e s e n t l y  in  th e  model 
needs t o  be e l im in a te d .
The m o d i f i c a t io n  in d i c e s  a re  s i m i l a r  t o  t h e  t - v a l u e s  in  t h a t  
th e y  can be used  t o  p ro v id e  in fo rm a tio n  on p o s s i b l e  model 
a d ju s tm e n ts  f o r  an improved o v e r a l l  f i t .  The m o d i f i c a t io n  
in d ic e s  a r e  v a lu es ,  one f o r  each  u n e s t im a te d  ( f ix e d )  param eter, 
w hich g iv e  t h e  ex pec ted  d e c r e a s e  in  x 2 i f  t h e  p a ram ete r  i s  
s u b s e q u e n t ly  a l low ed  to  become f r e e  in  a n o th e r  model.
M o d i f ic a t io n  in d ic e s  f o r  p a ra m e te rs  w hich a re  a l r e a d y  f r e e  a re  
n e c e s s a r i l y  ze ro  due t o  t h e  m in im iz a t io n  p ro c e d u re  of th e  
program. JoresK og & Sorbom (1994) g iv e  a  p r a c t i c a l  p ro ced u re  f o r  
u s in g  t h e  m o d i f ic a t io n  in d i c e s .  F i r s t ,  f i n d  th e  l a r g e s t  
m o d i f i c a t io n  index f o r  a l l  f i x e d  p a ra m e te rs .  Second, i f  th e  
l a r g e s t  index  is  l a r g e r  th a n  f iv e ,  a l lo w  i t  t o  be f r e e  and 
r e e s t i m a t e  th e  model. The d e c re a s e  in  x 2 sh o u ld  be a t  l e a s t  
equal t o  t h e  v a lu e  of th e  index. O ften  i t  w i l l  be much la rg e r ,  
and th e  o v e r a l l  f i t  of t h e  model w i l l  be s u b s t a n t i a l l y  Improved.
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F i n a l l y  i f  th e  f i t  of t h e  model i s  s t i l l  n o t  s a t i s f a c t o r y ,  th e  
p ro ced u re  can be r e p e a te d  w i th  th e  n e x t  h ig h e s t  m o d i f i c a t io n  
index . I t  i s  in a d v is a b le  t o  r e l a x  more th a n  one p a ram e te r  a t  a 
tim e as t h e  v a lu e  of t h e  m o d i f i c a t io n  in d ic e s  can change g r e a t l y  
from  one s o lu t i o n  t o  t h e  n e x t ;  G e n e ra l ly  a  f i x e d  p a ram ete r  
shou ld  be allow ed to  become f r e e  o n ly  i f  t h e  m o d i f i c a t io n  index 
i s  l a rg e  and th e  change i s  c o n s i s t e n t  w i th  r e l e v a n t  th e o ry .
S e v e ra l  d i f f e r e n t  ty p e s  of s t a t i s t i c s  can a l s o  be examined to  
d e te rm in e  in  a more g e n e ra l  way i f  t h e  s p e c i f i e d  model i s  
f e a s i b l e  o r  i f  t h e  d a ta  a r e  somehow i n c o n s i s t e n t  w i th  th e  
s p e c i f i e d  model. (There may be s a m p le - s p e c i f i c  problems w i th  th e  
da ta ,  i . e . ,  ex tre m e ly  skewed da ta ,  c a t e g o r i c a l  o r  dichotomous 
d a t a  w i th  extreme skewness o r  k u r t o s i s ,  m is s in g  v a lu e s ,  o r  
p a r t i c u l a r  in c o n s i s t e n c i e s  among i n d i c a t o r  v a r i a b l e s  f o r  a s i n g l e  
l a t e n t  v a r i a b l e  w hich may stem  from in a p p r o p r i a te  measurement o r  
d a ta  c o l l e c t i o n  s t r a t e g i e s . )  Fundamental problems in  e s t im a t io n  
may r e s u l t  in  n e g a t iv e  v a r ia n c e s  of p a ram e te r  e s t im a te s ,  
c o r r e l a t i o n s  of e s t im a te s  g r e a t e r  th a n  one in  m agnitude, in p u t  
m a t r ic e s  w hich a r e  n o t  p o s i t i v e  d e f i n i t e ,  n e g a t iv e  squared  
m u l t i p l e  c o r r e l a t i o n s ,  o r  n e g a t iv e  c o e f f i c i e n t s  of d e te rm in a t io n .  
The sq u ared  m u l t i p l e  c o r r e l a t i o n  shows how an in d iv id u a l  
i n d i c a t o r  s e rv e s  as  a m easure  of th e  l a t e n t  v a r i a b l e .  The 
c o e f f i c i e n t s  of d e te rm in a t io n  i n d i c a t e  how w e l l  th e  m a n i f e s t  
v a r i a b l e s  j o i n t l y  s e rv e  as m easures of a l a t e n t  c o n s t r u c t .
Squared m u l t i p l e  c o r r e l a t i o n s  and th e  c o e f f i c i e n t s  of
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d e te rm in a t io n  shou ld  be between zero  and one w i th  t h e  l a r g e r  
v a lu e s  be ing  a s s o c ia t e d  w i th  b e t t e r  f i t t i n g  m odels . S tan d a rd  
e r r o r s  w hich  a re  l a rg e  in  com parison to  th e  p a ra m e te r  e s t im a te s  
o r  p a ram e te r  e s t im a te s  w hich  a re  h ig h ly  c o r r e l a t e d  can a l s o  
s i g n i f y  an u n s u i t a b l e  m odel. O ften  th e  model i s  n e a r l y  
n o n - i d e n t i f i e d  in  th e s e  c a se s ,  and maximum l i k e l i h o o d  e s t im a t io n  
does n o t  r e a c h  convergence e a s i l y  o r  a t  a l l .  LISREL 
a u to m a t i c a l ly  t e rm in a t e s  th e  i t e r a t i v e  a lg o r i th m  a f t e r  250 
i t e r a t i o n s  i f  t h e  s o l u t i o n  does n o t  r e a c h  convergence .
Model e v a lu a t io n  can a l s o  be made th ro u g h  an a sse ssm en t of 
g o o d n e s s - o f - f i t  f o r  t h e  p roposed  model. The x 2 m easure 
d e s c r ib e d  p r e v io u s ly  in  t h i s  c h a p te r  p ro v id es  a m easure of f i t ,  
and t h e  a s s o c ia t e d  d eg ree s  of freedom  s e rv e  as  a s ta n d a rd  upon 
w hich t o  judge  th e  r e l a t i v e  s i z e  o f  th e  x2 . Large x2 
v a lu e s  r e l a t i v e  t o  th e  number of d eg ree s  of freedom  in d i c a t e  a 
poor f i t t i n g  model. Small x2 v a lu e s  r e l a t i v e  t o  th e  number 
of d e g re e s  of freedom  i n d i c a t e  a good f i t t i n g  model. I f  
a d ju s tm e n ts  t o  t h e  model produce a d e c re a s e  in  x 2 e q u iv a le n t  
t o  t h e  d e c re a se  in  t h e  d eg ree s  of freedom, th e n  t h e r e  i s  no r e a l  
improvement in  t h e  model. I f  t h e  d e c re a se  m  x 2 i s  l a rg e  
r e l a t i v e  t o  th e  d e c re a se  in  d eg rees  in  freedom, th e n  th e  model 
has been s u b s t a n t i a l l y  improved.
The LISREL program p ro v id e s  t h r e e  o th e r  m easures  of o v e r a l 1 
f i t :  t h e  g o o d n e s s - o f - f i t  index  (GFI), th e  a d ju s te d  
g o o d n e s s - o f - f i t  index (AGFI), and th e  r o o t  mean sq u a re  r e s id u a l
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(RMSR), The GFI i s  based  on a  r a t i o  of th e  d e te rm in a n t  of th e  
sample c o v a r ia n c e  m a tr ix  s  t o  t h a t  of th e  e s t im a te d  m a t r ix  z  
im plied  by th e  model. The v a lu e  of th e  m easure shou ld  be between 
2ero  and one w i th  a  h ig h  v a lu e  b e in g  d e s i r a b l e  and i n d i c a t i n g  
t h a t  th e  m a t r ic e s  a r e  a p p ro x im a te ly  e q u a l .  The AGFI i s  th e  GFI 
a d ju s t e d  f o r  t h e  d eg rees  of freedom, w hich may be d i f f e r e n t  from  
model t o  model. Thus th e  AGFI cou ld  be used  f o r  com parisons of 
models w hich d i f f e r  in  d eg ree s  of freedom . The RMSR i s  a  m easure 
of th e  d is c re p a n y  between Z and s  where a v a lu e  c lo s e  t o  zero  
i n d i c a t e s  a sm all d i f f e r e n c e  between Z and S. The s i z e  of 
th e  RMSR may be Judged by com parison to  th e  r e l a t i v e  s i z e  of th e  
observed  v a r ia n c e s  and c o v a r ia n c e s .
I f  th e  model has been developed  w i th  ju d i c io u s  r e f e r e n c e  to  
s u b s t a n t i v e  th e o ry ,  th e  model m o d i f ic a t io n s  o r  problem s su g g es ted  
by th e  LISREL program may o r  may n o t  seem t h e o r e t i c a l l y  sound. 
Under no c i rc u m s ta n c e s  i s  i t  s u g g e s te d  t h a t  model 
r e - s p e c  i f i c a t l o n  proceed  w i th o u t  r e f e r e n c e  to  th e  s u b s t a n t i v e  
i s s u e s  a t  hand. In  many c a s e s  of a p p l ie d  r e s e a r c h  however, th e  
a v a i l a b l e  th e o ry  i s  weak o r  lacKing, and recommended 
m o d i f ic a t io n s  may seem m ean ingfu l in  th e  absence of c o n t r a d i c t o r y  
ev id en ce .  I f  t h e  sample d a t a  w hich have been used  t o  e s t im a te  
th e  model can be t r u l y  r e g a rd e d  as r e p r e s e n t a t i v e  of th e  
p o p u la t io n  under  c o n s id e r a t io n ,  th e n  i t  i s  o f t e n  p ru d en t  to  
re g a rd  th e  recommended changes m  l i g h t  of t h e  a v a i l a b l e  th e o ry  
and t o  make m eaningfu l changes in  t h e  model t o  improve th e  f i t .
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MacCallum (1986) d e f in e s  a  s p e c i f i c a t i o n  s e a r c h  as "a  p ro cess  
of s e q u e n t i a l l y  m odify ing  a  model so as t o  improve i t s  f i t  a n d /o r  
parsimony" (p. 7 ) ,  such  s e a rc h e s  a r e  conducted  w i th  th e  i n t e n t  
of f i n d i n g  and c o r r e c t in g  s p e c i f i c a t i o n  e r r o r s  w hich r e p r e s e n t  a 
lacK of s i m i l a r i t y  between th e  c o v a r ia n c e  m a t r ix  im plied  by th e  
model and th e  c o v a r ia n c e  m a t r ix  r e p r e s e n t e d  by th e  sample. 
MacCallum s t a t e s  t h a t  a s p e c i f i c a t i o n  s e a r c h  can be m eaningfu l 
even when th e  i n i t i a l  model p r e s e n ts  a good f i t .  However, t h e  
s p e c i f i c a t i o n  s e a rc h  i s  u s u a l l y  most v a lu a b le  when i n i t i a l  model 
f i t  i s  l e s s  th an  optim al, and e x a c t  t h e o r e t i c a l  ev id en ce  f o r  
r e - s p e c i f i c a t i o n  of th e  model does n o t  e x i s t .  E x c e l l e n t  examples 
of s p e c i f i c a t i o n  s e a rc h e s  can be found in  B e n t l e r  & SpecK art 
(1979), F r e d e r ic k s  & D o s s e t t  (1983), and Sm ith  (1982).
The LISREL VI Computer Program
In  o r d e r  t o  u se  th e  LISREL program, a c a u sa l  model must be 
t r a n s l a t e d  in to  a  s e t  of s t r u c t u r a l  e q u a t io n s  and a s e t  of 
e q u a t io n s  f o r  th e  measurement model. These e q u a t io n s  a re  th e n  
e x p re ssed  in  m a tr ix  n o t a t i o n .  The in p u t  t o  th e  program 
d e s c r ib e s  t h e  sample (sample s i z e  and number of i n d i c a t o r s ) ,  
s u p p l ie s  t h e  sample d a t a  m  th e  form of a c o r r e l a t i o n  o r  
v a r ia n c e - c o v a r i a n c e  m a tr ix ,  and s p e c i f i e s  t h e  model by 
s t i p u l a t i n g  th e  form and c o n te n t  of t h e  e i g h t  m a t r ic e s  as
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p r e v io u s ly  d e f in e d .  The LISREL program f o r  t h e  example problem  
i s  l i s t e d  in  F ig u re  3.
The o u tp u t  f o r  th e  LISREL program b eg ins  w i th  a  log  of th e  
in p u t  c o n t ro l  c a rd s  w hich can be checked f o r  v e r i f i c a t i o n .  The 
s ta n d a rd  o u tp u t  always In c lu d e s  th e  d a t a  m a t r ix  t o  be an a ly zed  
and th e  p a ram e te r  s p e c i f i c a t i o n s  r e g a rd in g  w hich e lem en ts  a re  
s p e c i f i e d  as f r e e ,  f ix e d ,  o r  c o n s t r a in e d .  The i n i t i a l  e s t im a te s  
of t h e  p a ram e te rs  a r e  g iv e n  as w e l l  a s  th e  i t e r a t i v e  e s t im a te s  
(ULS, GLS, o r  ML) of th e  ty p e  s p e c i f i e d  in  t h e  in p u t .  A number 
of g o o d n e s s - o f - f i t  m easures a re  a l s o  p r in t e d  as  p a r t  of th e  
s ta n d a rd  o u tp u t .  A a sy m p to t ic  x2 s t a t i s t i c  i s  c a l c u la te d ,  
and th e  a s s o c i a t e d  d eg ree s  of freedom  and th e  p r o b a b i l i t y  le v e l  
a re  a l s o  in d i c a te d .  The x2 m easure i s  N -i t im es  t h e  minimum 
v a lu e  of t h e  f i t t i n g  f u n c t i o n  f o r  th e  s p e c i f i e d  m odel. I f  th e  
model i s  c o r r e c t ,  i . e . ,  p r o p e r ly  s p e c i f i e d ,  th e  x2 m easure 
i s  a l i k e l i h o o d  r a t i o  t e s t  s t a t i s t i c  f o r  t e s t i n g  th e  model 
a g a i n s t  t h e  a l t e r n a t i v e  t h a t  E i s  random. T his  t e s t  s t a t i s t i c  
i s  n o t  v a l i d  in  most cases ,  however, as th e  model u s u a l l y  i s  o n ly  
a h y p o th e t i c a l  r e p r e s e n t a t i o n  of r e a l i t y  and ca n n o t  be c o n s id e re d  
as " t r u e "  (Jo reskog  & Sorbom, 1984). In  a d d i t io n ,  th e  s i z e  of 
th e  sample r e q u i r e d  f o r  su c h  a  t e s t  i s  unknown a l th o u g h  r e c e n t  
s tu d i e s  have c o n s id e re d  t h e  problem  of sample s i z e  ( S a to r r a  & ,  r 
S a r is ,  1985) and have i n v e s t i g a t e d  new s t r a t e g i e s  f o r  m od ify ing  
th e  s t a t i s t i c  so as n o t  t o  be dependent upon sample s i z e  (B e n t le r  
& B onett ,  1980).
PEER INFLUENCES ON AMBITION 
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FIGURE 3. LISREL PROGRAM FOR EXAMPLE
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The o u tp u t  s ta te m e n t  of th e  LISREL c o n t ro l  deck  in d i c a te s  
what n o n -s ta n d a rd  o u tp u t  i s  t o  be produced . The program can 
compute s ta n d a rd  e r r o r s ,  t - v a l u e s ,  and c o r r e l a t i o n s  of th e  
e s t im a te s  w hich can be u sed  t o  check on model s p e c i f i c a t i o n  and 
m u l t i c o l l i n e a r i t y  problem s. The u s e r  can a l s o  r e q u e s t  th e  t a b l e  
of m o d i f i c a t io n  in d ic e s .  O th e r  o u tp u t  t h a t  can be r e q u e s te d  
in c lu d e s  a  s ta n d a rd iz e d  s o lu t i o n ,  r e s i d u a l s  (S-Z), v a r ia n c e s  
and c o v a r ia n c e s  of p a ra m e te r  e s t im a te s ,  and th e  v a lu e s  of th e  
m in im iz a t io n  f u n c t i o n  a f t e r  each  i t e r a t i o n .
The u s e  of S im u la t io n  f o r  I n v e s t i g a t i n g  S t r u c t u r a l  E qua t ion  
Modeling: A Review of th e  R esea rc h
As d e s c r ib e d  p re v io u s ly ,  th e  u se  of maximum l i k e l i h o o d  
e s t im a t io n  in  s t r u c t u r a l  e q u a t io n  models r e q u i r e s  im p o r tan t  
assum ptions, namely la rg e  sample s iz e ,  m u l t i v a r i a t e  n o rm a l i ty ,  
and c o r r e c t  t h e o r e t i c a l  s p e c i f i c a t i o n .  I f  t h e s e  s t a t i s t i c a l  and 
t h e o r e t i c a l  assum ptions  a r e  met, th e n  th e  v a l i d i t y  of r e s u l t s  
becomes more l i k e l y  a l th o u g h  n o t  g u a ra n te e d .  D ep a r tu re s  from 
th e s e  a ssum ptions  cou ld  p o s s i b l y  lead  t o  i n v a l i d  p a ram ete r  
e s t im a te s ,  s ta n d a rd  e r r o r s ,  and g o o d n e s s - o f - f i t  t e s t s .
When th e  i s s u e  of r o b u s tn e s s  i s  in  q u e s t io n ,  i t  i s  m ean ingfu l 
to  i n v e s t i g a t e  th e  b ia s  o r  s t a b i l i t y  of e s t im a te s  th ro u g h  a 
ty p e  of s t a t i s t i c a l  s im u la t io n  known as th e  Monte c a r l o  s tu d y .
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T his  te c h n iq u e  Is  o f te n  used  by t h e o r e t i c a l  s t a t i s t i c i a n s  to  
i n v e s t i g a t e  ro b u s tn e s s  i s s u e s  and has g e n e r a l ly  been in  use  
s in c e  th e  e a r l y  1970 's  due to  t h e  adven t of t h e  h ig h -sp e e d  
m ainframe computer. Monte C arlo  r e s e a r c h  i n v e s t i g a t i n g  th e  
r o b u s tn e s s  of LISREL-type s t r u c t u r a l  e q u a t io n  m odeling  is  
r e l a t i v e l y  r e c e n t  however, and many q u e s t io n s  ab o u t  t h e  s t a b i l i t y  
of LISREL r e s u l t s  have n o t  been answered o r  have o n ly  been 
a d d re s se d  in  a l im i te d  s e n se .
T h is  s e c t i o n  of th e  c h a p te r  rev iew s th e  r e s e a r c h  
p e r t i n e n t  t o  th e  use  of s im u la t i o n  in  i n v e s t i g a t i n g  th e  s t a b i l i t y  
of LISREL e s t im a te s .  In  g e n e ra l ,  most r e s e a r c h  has c o n c e n t ra te d  
on s p e c i f i c  a s p e c t s  of th e  s t r u c t u r a l  model o r  th e  measurement 
model, and has ad d ressed  th e  assum ptions  l i s t e d  above.
The s t r u c t u r a l  Model
*
The i s s u e  of sample s i 2e and how i t  a f f e c t s  th e  ro b u s tn e s s  of 
s t r u c t u r a l  m odeling has been a d d re s se d  by Boomsma (1962b,
1983). T h e o r e t i c a l l y  LISREL i s  dependen t upon " l a r g e "  sample 
s iz e ,  y e t  u n t i l  t h e s e  s t u d i e s  were conducted a  d e f i n i t i o n  of 
" l a r g e "  had n o t  been fo rm u la te d .  Using sample s i z e s  of 25, 50, 
100, 200, 400, and 000, Boomsma examined p a ra m e te r  e s t im a te s  
and s ta n d a rd  e r r o r s  f o r  r e c u r s i v e  and n o n - r e c u r s iv e  m odels . In 
g e n e ra l ,  f o r  sample s i z e s  l a r g e r  th a n  o r  equal t o  200, every
4 6
r e p l i c a t i o n  of t h e  r e c u r s iv e  model le d  t o  a  co nvergen t s o lu t i o n .  
No b ia s  of im portance was found f o r  param ete r  e s t im a te s ,  and 
s ta n d a rd  e r r o r s  were s y s t e m a t i c a l l y  o v e re s t im a te d  r e g a r d l e s s  of 
sample s i z e .  The x2 t e s t  d id  n o t  show any c o n s i s t e n t  
improvement w i th  in c r e a s in g  N. The n o n - r e c u r s iv e  model a l s o  
dem o n stra ted  s e r io u s  convergence problems f o r  sm all sample s i z e s .  
Samples > 100 t y p i c a l l y  y ie ld e d  ro b u s t  e s t im a te s .
The s tu d y  of th e  b e h a v io r  of th e  g o o d n e s s - o f - f i t  s t a t i s t i c s  
has been of i n t e r e s t  t o  many r e s e a r c h e r s ,  p a r t i c u l a r l y  s in c e  t h i s  
s t a t i s t i c  i s  o f te n  used t o  ju d g e  th e  a p p r o p r ia te n e s s  of model 
s p e c i f i c a t i o n .  Boomsma (1903) found th e  x2 s t a t i s t i c  t o  be 
somewhat s t a b l e  w i th  r e g a rd  t o  sample s i z e  in  t h a t  no s y s te m a t ic  
improvement was e v id e n t  f o r  models ana lyzed  w i th  l a r g e r  sam ples. 
N on -n o rm ali ty  of d a t a  has more s e r io u s  consequences on th e  x 2 
t e s t .  W hile x 2 t e s t s  f o r  r e c u r s i v e  models seem t o  be 
r e l a t i v e l y  ro b u s t  r e g a r d l e s s  of d eg ree  of c a t e g o r i z a t i o n  o r  
skewness, g o o d n e s s - o f - f i t  t e s t s  f o r  n o n - r e c u r s iv e  models a re  
s t r o n g l y  a f f e c t e d  by skew ness. W ith in c r e a s in g  skewness, x 2 
v a lu e s  te n d  to  be la rg e r ;  th u s ,  even c o r r e c t l y  s p e c i f i e d  models 
a re  o f t e n  r e j e c t e d .
s in c e  t h e  x 2 s t a t i s t i c  used  by LISREL i s  sample s i z e  
dependent, t h e r e  i s  a  te n d en cy  to  r e j e c t  c o r r e c t l y  s p e c i f i e d  
models i f  th e  sample s i z e  i s  la rg e  o r  to  a c c e p t  i n c o r r e c t l y  
s p e c i f i e d  models i f  th e  sample s i z e  i s  sm all ( S a to r r a  & S a r i s ,  
1905). A lthough  Boorasma’s work shows t h a t  t h e r e  i s  no s y s te m a t ic
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change in  th e  x 2 s t a t i s t i c  w i th  in c re a s in g  o r  d e c r e a s in g  
sample s iz e ,  an exam ina t ion  of t h e  s t a t i s t i c ’s d i s t r i b u t i o n  over 
numerous r e p l i c a t i o n s  i n d i c a t e s  t h a t  t h e  t a i l  o f  t h e  observed  
d i s t r i b u t i o n  i s  to o  l i g h t  f o r  sm all N and to o  heavy f o r  la rg e  N 
(Boomsma, 1983). T h is  r e s u l t  reminds us t h a t  a l th o u g h  no 
p a r t i c u l a r  d i s t o r t i o n  may be in d i c a te d  by a Monte C a r lo  s tudy, 
a p p l i c a t i o n s  of LISREL do n o t  u s u a l l y  in v o lv e  numerous 
r e p l i c a t i o n s .  Thus th e  x2 r e s u l t s  f o r  any s i n g l e  model w i th  
sm all o r  l a rg e  sample s i z e s  do c a r r y  a g r e a t e r  chance of be ing  
w rong ly  acc ep ted  o r  r e j e c t e d  th a n  one would e x p e c t  un d er  th e  
x2 d i s t r i b u t i o n ,
As s t a t e d  p re v io u s ly ,  a l th o u g h  t e c h n i c a l l y  a l lK e l ih o o d  r a t i o  
t e s t  f o r  th e  t e s t i n g  of hypo theses ,  th e  x 2 t e s t  a s s o c ia t e d  
w i th  th e  LISREL program canno t u s u a l l y  be u sed  w i th in  t h a t  
c o n te x t  and has evolved  in to  an index of f i t  t y p i c a l l y  used to  
a s c e r t a i n  g o o d n e s s - o f - f i t  f o r  a  s i n g l e  model and a c ro s s  competing 
m odels . B e n t l e r  & B o n e t t  ( i9 6 0 )  have proposed  a normed f i t  index 
A w hich u se s  x2 s t a t i s t i c s  t o  compare a " n u l l "  b a s e l i n e  
model t o  a com peting model t o  e v a lu a te  improvement in  o v e r a l l  
f i t .  However, t h e  p o in t  of t e s t i n g  th e  h y p o th e s i s  t h a t  th e  model 
i s  t r u e  o r  n o t  i s  n e g le c te d  in  u t i l i z i n g  t h i s  ty p e  of t e s t .
The x 2 t e s t  and th e  u se  of A to  e v a lu a te  f i t  encourage  an 
e x p lo r a to r y  s e a r c h  r a t h e r  th a n  a c o n f i rm a to ry  t e s t  w hich  ends 
w i th  t h e  d e c i s io n  to  r e j e c t  o r  f a i l  t o  r e j e c t .  S a to r r a  & S a r i s  
(1985) have developed  a p ro ced u re  f o r  computing th e  power of th e
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x2 ( l i k e l i h o o d  r a t i o )  t e s t  and have t e s t e d  t h e  e f f e c t  of 
sample s i z e  on power. T h e i r  Monte c a r l o  i n v e s t i g a t i o n  of th e  
ro b u s tn e s s  of th e  p ro ced u re  shows t h a t  i t  i s  a c c u r a te  even f o r  
sm all sample s i z e s .  Thus i f  t h e  t e s t i n g  of h y p o th e ses  i s  of 
paramount im portance  and th e  sample s i z e  s u g g e s t s  t h a t  t h e  power 
of th e  t e s t  may be in  q u e s t io n ,  t h e  S a t o r r a - S a r l s  power 
c a l c u l a t i o n  cou ld  be u sed  t o  d e te rm in e  i f  th e  t e s t  has been 
i n o r d i n a t e l y  a f f e c t e d .
T e s t in g  models w i th  l a rg e  sam ples i s  always d e s i r a b l e  in
s o c i a l  s c ie n c e  r e s e a r c h  due to  t h e  in e x a c tn e s s  of th e o r y  and
measurement and th e  need  t o  in s u re  as w ell as p o s s i b l e  t h a t
observed  d a t a  r e p r e s e n t  th e  p o p u la t io n  of i n t e r e s t ,  H o e l t e r
(1983) s t a t e s  t h a t ,  g iven  th e s e  c o n d i t io n s  of s o c i a l  s c ie n c e
re s e a rc h ,  th e  q u e s t io n  i s  how w e l l  a g iven  model approx im ates  th e
d a ta  r a t h e r  th a n  w hether  th e  model f i t s  th e  d a t a  a c c o rd in g  to  a
s i g n i f i c a n c e  t e s t .  H o e l t e r  s u g g e s ts  t h a t  r a t h e r  th a n  e l im in a t in g
y
th e  n o t io n  of sample s i z e  from  in d ic e s  of f i t  a s  B e n t l e r  & B o n e t t  
have done, we can e s t im a te  th e  sample s i z e  ( c r i t i c a l  N) needed 
in  o r d e r  t o  a c c e p t  a model on a  s t a t i s t i c a l  b a s i s .  T h is  e s t im a te d  
sample s i 2e can th e n  be compared t o  th e  a c tu a l  sample s i z e  in  u se  
t o  a s c e r t a i n  i f  t h e  d e r iv e d  f i t  of t h e  model i s  h e a v i ly  based  on 
sample s iz e ,  o r  i f  t h e  f i t  of a  model i s  good d e s p i t e  sample 
s i z e .
Sobel a B o h rn s te d t  (1965) d i s a g r e e  w i th  th e  B e n t l e r  & B o n e t t  
p h i lo so p h y  of u s in g  n u l l  models as t h e  b a s e l i n e  f o r
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g o o d n e s s - o f - f i t  com parisons.  T h e i r  s tu d i e s  i n d i c a t e  t h a t  th e  
ch o ic e  o f  a n u l l  model i s  p ro b le m a tic  and p ro b a b ly  o n ly  u s e fu l  
in  p u r e ly  e x p lo r a to r y  r e s e a r c h .  O ften  t h e  a sse ssm en t of a 
m o d e l 's  a p p r o p r ia te n e s s  may be based  on th e  c h o ic e  of a b a s e l i n e  
model. I f  t h e  b a s e l i n e  model i s  a l r e a d y  deemed adequate , 
su b se q u en t  model m o d i f i c a t io n s  may be Judged a s  s t a t i s t i c a l l y  
i n s i g n i f i c a n t  when u s in g  a  f i t  index a l th o u g h  such  s p e c i f i c a t i o n s  
may be s u b s t a n t i v e l y  im p o r ta n t .  Sobel & B o h rn s te d t  recoranend 
c o n s id e r in g  f i t  c o e f f i c i e n t s  such  as A o n ly  in  c o n ju n c t io n  
w i th  t h e  c o n s id e r a t io n  of th e  x2 t e s t  r e s u l t s ,  t h e  p a ram ete r  
e s t im a te s ,  and t h e i r  s ta n d a rd  e r r o r s .
The p ro p e r  a p p l i c a t i o n  of LISREL r e q u i r e s  n o t  o n ly  th e  
s t a t i s t i c a l  assum ptions  of l a rg e  sample s i z e  and m u l t i v a r i a t e  
n o rm a l i ty ,  b u t  a l s o  th e  t h e o r e t i c a l  assum ption  of c o r r e c t l y  
s p e c i f y i n g  th e  s u b s t a n t i v e  model so as  t o  co rre sp o n d  w i th  th e  
n a t u r e  o f  r e a l i t y  as i s  p r e s e n t l y  Known. The g e n e ra l  n a tu r e  of 
s p e c i f i c a t i o n  e r r o r  has been d is c u s s e d  by B i l l i n g s  & w ro ten  
(1975) in  te rm s of v i o l a t i o n s  of l i n e a r i t y  and a d d i t i v i t y .  The 
g e n e ra l  consequence of u n reco g n ized  n o n l i n e a r i t y  i s  I n c o r r e c t  
model s p e c i f i c a t i o n ;  f o r  example, i f  two v a r i a b l e s  a r e  r e l a t e d  in  
a c u r v i l i n e a r  f a s h io n  b u t  s p e c i f i e d  as l i n e a r l y  r e l a t e d  in  a 
cau sa l  model, t h e  l i n e a r  p a th  c o e f f i c i e n t  (o r  s t r u c t u r a l  
p a ra m e te r  in  LISREL) may be n o n - s ig n i f  l e a n t ,  su ch  a p a th  would 
o r d i n a r i l y  be d e l e t e d  in  t h e  r e - s p e c i f i c a t i o n  of t h e  model. A 
v i o l a t i o n  of a d d i t i v i t y  im p l ie s  t h a t  i n t e r a c t i o n s  between
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v a r i a b l e s  a r e  n o t  s p e c i f i e d .  T h is  ty p e  of v i o l a t i o n  i s  more 
s e r io u s  f o r  p a th  a n a l y s i s  th a n  f o r  s t r u c t u r a l  e q u a t io n  m odeling  
as LlSREL-type m odeling p e rm i ts  t h e  s p e c i f i c a t i o n  of 
n o n - r e c u r s iv e  p a th s .  However, p a th  a n a l y s i s  p e rm i ts  th e  
s p e c i f i c a t i o n  of n o n - r e c u r s iv e  p a th s  o n ly  when an e s t im a t io n  
p rocedu re  o th e r  th an  o r d in a r y  l e a s t  sq u a re s  i s  u sed  (Duncan, 
1975).
G a l l i n l  (1983) c a t e g o r i z e s  some common s p e c i f i c a t i o n  e r r o r s  
in  p a th  a n a ly s i s :  ( i )  om iss ion  of a c o r r e l a t i o n  between th e  
d i s tu r b a n c e  of an endogenous v a r i a b l e  and an exogenous v a r i a b le ;  
(2) ze ro  c o r r e l a t i o n s  between th e  d i s tu r b a n c e s  of endogenous 
v a r i a b l e s ;  (3) s p e c i f i c a t i o n  of a r e c u r s i v e  r e l a t i o n s h i p  when a 
n o n - r e c u r s iv e  r e l a t i o n s h i p  i s  c o r r e c t ;  and (4) no a l low ance  f o r  
measurement e r r o r  in  t h e  v a r i a b l e s .  T h is  c a t e g o r i z a t io n ,  though  
n o t  a com plete  l i s t i n g  of p o s s i b l e  e r r o r s ,  b e g in s  t o  i d e n t i f y  
s p e c i f i c a t i o n  e r r o r s  and a t te m p ts  t o  examine some of th e  
consequences of such  m i s s p e c i f i c a t i o n s .  U n fo r tu n a te ly ,  G a l l i n i ’s 
i n v e s t i g a t i o n s  of m i s s p e c i f i c a t i o n  were based  upon th e  a n a ly s i s  
of a v a i l a b l e  d a ta  s e t s  from  th e  l i t e r a t u r e  r a t h e r  th an  
r e p l i c a t i o n s  based upon co m p u te r-g en e ra ted  d a t a .  As a r e s u l t ,  
t h e  c o n c lu s io n s — t h a t  some m i s s p e c i f i c a t i o n s  may r e s u l t  in  small 
d i f f e r e n c e s  in  p a ram e te r  e s t im a te s  w h i le  o th e r s  may r e s u l t  in  
extrem e d i f f e r e n c e s —a r e  s t a t i s t i c a l l y  m e an in g le ss  in  term s of 
d e r iv in g  g u id e l in e s  and e x p e c ta t io n s  from m i s s p e c i f i c a t i o n s  of 
s t r u c t u r a l  m odels.
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A Monte c a r l o  s tu d y  by G a l l i n i  & M an d ev ii le  (1963) examined 
th r e e  ty p e s  of model m i s s p e c i f i c a t i o n  combined w i th  th e  e f f e c t s  
of sample s i z e .  T h is  s tu d y  a t te m p te d  to  examine s p e c i f i c a t i o n  
e r r o r s  due t o  m is s in g  s t r u c t u r a l  p a th s ,  u n c o r r e l a t e d  
d is tu rb a n c e s ,  and measurement e r r o r .  A model was d e r iv e d  to  
i n v e s t i g a t e  t h e  e f f e c t s  of t h e  m i s s p e c i f i c a t i o n s ,  and sample 
c o v a r ia n c e  m a t r ic e s  were g e n e ra te d  by com puter. Sample s i z e s  of 
50, 100, and 500 were c o n s id e re d  f o r  each  model t e s t e d .
F or  th e  f i r s t  m i s s p e c i f i c a t i o n  t e s t e d ,  t h e  om iss ion  of 
s t r u c t u r a l  pa th s ,  th e  x 2 v a lu e  g e n e r a l ly  in c re a s e d  as sample 
s i z e  in c re a se d ,  th e re b y  le a d in g  to  an in c re a s e  in  t h e  r e j e c t i o n  
r a t e .  The models w hich had th e  most s t r u c t u r a l  p a th s  e l im in a te d ,  
and th u s  w ere most d i f f e r e n t  from  th e  assumed t r u e  model, were 
r e j e c t e d  one hundred p e r c e n t  of th e  tim e w i th  sample s i z e s  of 500 
and e ig h ty  p e rc e n t  of th e  t im e  w i th  sample s i z e s  as low as 100.
The second s e t  of models t e s t e d  in c lu d ed  v a r io u s
m i s s p e c i f i c a t i o n s  of c o r r e l a t e d  e r r o r s  and d i s tu r b a n c e s .  Such 
m i s s p e c i f i c a t i o n s  y ie ld e d  low r e j e c t i o n  r a t e s  r e g a r d l e s s  of 
sample s i z e  o r  th e  number of m i s s p e c i f i c a t i o n s  w i th i n  a
p a r t i c u l a r  model. Thus such  ty p e s  of i n c o r r e c t  models m igh t be
la b e le d  as  m in im a lly  m i s s p e c i f l e d .
A s tu d y  was a l s o  made of t h e  m i s s p e c i f i c a t i o n  of measurement 
e r r o r .  In t h i s  s e r i e s  of models, t h e  t r u e  model w hich c o n ta in e d  
m u l t i p l e  i n d i c a t o r s  was a l t e r e d  t o  r e f l e c t  p e r f e c t  r e l i a b i l i t y  in  
th e  exogenous v a r i a b l e s ,  th e  endogenous v a r i a b l e s ,  o r  b o th .  The
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model w hich  assumed a l l  l a t e n t  v a r i a b l e s  t o  be p e r f e c t l y  measured 
was r e j e c t e d  in  a lm os t a l l  r e p l i c a t i o n s  even w i th  sample s i z e s  as 
h ig h  as 500. The model w hich c o n ta in e d  s i n g l e  i n d i c a to r s  f o r  th e  
endogenous v a r i a b l e s  was a l s o  r e j e c t e d  w i th  h ig h  f requency ,  w h i le  
th e  model w hich c o n ta in e d  s i n g l e  i n d i c a to r s  f o r  th e  exogenous 
v a r i a b l e s  was acc ep ted  even w i th  a sample s i z e  of 50. Thus, 
measurement e r r o r  in  th e  endogenous v a r i a b l e s  more s e r i o u s l y  
a f f e c t s  model f i t  th an  measurement e r r o r  in  t h e  exogenous 
v a r i a b l e s .
The l i k e l i h o o d  of su c c e s s  in  r e s p e c i f y in g  a model w hich 
i n i t i a l l y  does n o t  r e f l e c t  th e  s t r u c t u r e  of t h e  d a t a  depends on 
th e  ty p e  of m i s s p e c i f i c a t i o n  made, th e  number of 
m i s s p e c i f i c a t i o n s ,  th e  sample s i z e  used, and th e  a b i l i t y  of th e  
r e s e a r c h e r  t o  p la c e  v a l i d  r e s t r i c t i o n s  on t h e  ty p e s  of 
p e r m is s ib le  m o d i f ic a t io n s  (MacCallum, 19B6). MacCallum’s 
r e s e a r c h  o f f e r s  th e  fo l lo w in g  g u id e l in e s  f o r  co n d u c t in g  a 
s p e c i f i c a t i o n  sea rch :  (1) exam ina tion  of th e  t - v a l u e s ,  
m o d i f i c a t io n  in d ic e s ,  and r e s id u a l s }  (2) c o r r e c t i o n  of 
s p e c i f i c a t i o n  e r r o r s  in  th e  measurement model b e fo re  m o d i f i c a t io n  
of th e  s t r u c t u r a l  model; (3) a d d i t i o n  o r  d e l e t i o n  of one 
pa ram e te r  a t  a tim e; and (4) a d d i t i o n  of p a ram e te rs  p r i o r  t o  any 
d e l e t i o n  t o  Improve parsim ony.
MacCallum’s Monte C a r lo  s tu d y  was based on sample d a t a  
g e n e ra te d  by computer u s in g  an assumed t r u e  p o p u la t io n  c o v a r ia n c e  
m a t r ix .  The exam ina tion  of changes in  p a ram e te r  v a lu e s  was n o t
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examined; t h e  q u e s t io n  of i n t e r e s t  was w h e th e r  a c o r r e c t l y  
s p e c i f i e d  model could  be d e r iv e d  from  one t h a t  was d e l i b e r a t e l y  
m i s s p e c i f i e d .  In  g e n e ra l ,  models w i th  one m i s s p e c i f i c a t i o n  e r r o r  
o f te n  f a i l e d  t o  be r e j e c t e d  due to  n o n - s i g n i f i c a n t  x 2 t e s t s ,
(A model w hich  f a i l s  t o  be r e j e c t e d  i s  c o n s id e re d  p l a u s i b l e . )
Models w i th  two m i s s p e c i f i c a t i o n  e r r o r s  w ere  u s u a l l y  
r e j e c t e d ,  w h i le  models w i th  t h r e e  m i s s p e c i f i c a t i o n  e r r o r s  were 
more p ro b le m a t ic .  The f r e q u e n c y  of Type I I  e r r o r s  ( t h a t  is ,  th e  
model f a i l s  t o  be r e j e c t e d  even though i t  i s  f a l s e )  im p lie s  t h a t  
a n o n - s i g n i f i c a n t  x2 t e s t  does n o t  n e c e s s a r i l y  in d i c a t e  t h a t  
th e  b e s t - f i t t i n g  model has been found . In many in s ta n c e s  th e  
s p e c i f i c a t i o n  s e a r c h  sh o u ld  c o n t in u e  u n t i l  t h e  r e s e a r c h e r  i s  
c o n f id e n t  t h a t  th e  b e s t - f i t t i n g  model has been found based  on 
s t a t i s t i c a l  and s u b s t a n t i v e  in fo rm a t io n .
In c o n s id e r in g  th e  p o s s i b l e  ty p e s  of s p e c i f i c a t i o n  e r r o r s  
t h a t  m igh t be made in  th e  s t r u c t u r a l  model, one can c o n s id e r  th e  
m a t r ic e s  of p a ram e te r  v a lu e s  t h a t  can be e s t im a te d  by t h e  program 
and how th e  s p e c i f i c a t i o n  of t h e s e  m a t r ic e s  m ig h t  be a l t e r e d  
(Baldwin, 1986b). The s t r u c t u r a l  m o d e l’s s p e c i f i c a t i o n  in v o lv es  
th e  m a t r ic e s  B, r ,  V, and 4>. The m a t r ic e s  r  and B 
c o n ta in  t h e  s t r u c t u r a l  c o e f f i c i e n t s  which a re  e s t im a te s  of th e  
p a th s  between th e  l a t e n t  v a r i a b l e s  in  th e  m odel. These m a t r ic e s  
may be m i s s p e c i f i e d  by th e  in c lu s io n  o r  om iss ion  of s t r u c t u r a l  
p a th s  o r  some com bina tion  t h e r e o f  (James, i960; MacCallum, 1906). 
The combined m i s s s p e c i f i c a t i o n  in v o lv in g  b o th  an om ission  and an
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in c lu s io n  i s  r e f e r r e d  t o  as  a Type C e r r o r  by Deegan (1976). In 
a d d i t io n ,  o m it te d  o r  in c lu d e d  s t r u c t u r a l  p a th s  may be of two 
ty p es ,  r e c u r s i v e  o r  n o n - r e c u r s iv e ,  and i t  i s  n e c e s s a r y  to  
d i s t i n g u i s h  between th e s e  two ty p e s  as  t h e  p a ram e te r  e s t im a te s  
a re  i n d i c a t i v e  of d i r e c t  and i n d i r e c t  e f f e c t s .  N o n - re c u rs iv e  . 
p a th s  between endogenous v a r i a b l e s  a re  more s e n s i t i v e  t o  th e  
I n d i r e c t  e f f e c t s  p r e s e n t  in  th e  model th a n  a re  r e c u r s i v e  p a th s  o r  
p a th s  from  an exogenous to  an endogenous v a r i a b l e .
The m a t r ix  p ro v id es  a d d i t i o n a l  in fo rm a t io n  abou t th e  
r e l a t i o n s h i p s  between th e  exogenous v a r i a b l e s ,  The V m a t r ix  
c o n ta in s  e lem ents  w hich d e s c r ib e  th e  so u rces  of v a r i a t i o n  in  th e  
endogenous v a r i a b l e s  t h a t  a r e  n o t  s p e c i f i c a l l y  in c lu d ed  in  th e  
model, e m is s io n  and in c lu s io n  of t h e s e  p a r t i c u l a r  pa ram ete rs  
seem to  be l e s s  s e r io u s  ty p e s  of e r r o r s  If  th e  r e s e a r c h e r  can be 
r e a s o n a b ly  c o n f id e n t  t h a t  t h e  measurement model i s  sound ( G a l l i n i  
& M andev il le ,  1963),
The Measurement Model
The LISREL measurement model i s  e s s e n t i a l l y  a common f a c t o r  
a n a l y t i c  model in  t h a t  i t  c o n s i s t s  of f a c t o r  lo a d in g s  of 
i n d i c a t o r  v a r i a b l e s  on l a t e n t  c o n s t r u c t s .  The LISREL program, 
however, p ro v id e s  model f i t t i n g  in fo rm a tio n  even when th e  
measurement model is  used  a lo n e .  Thus LISREL can be used  f o r
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c o n f i rm a to ry  o r  e x p l o r a to r y  f a c t o r  a n a l y s i s .  F o r  t h i s  rea so n  and 
because  th e  LISREL measurement model i s  t h e  b a s i s  f o r  th e  l is r e l  
s t r u c t u r a l  model, much of t h e  s im u la t io n  r e s e a r c h  to  d a te  has 
fo cu sed  on th e  e f f e c t s  of m i s s p e c i f i c a t i o n  and t h e  v i o l a t i o n  of 
assum ptions  on th e  e s t i m a t io n  of t h e  measurement model.
Boomsma (1952b, 1963) s tu d ie d  a v a r i e t y  of tw o - f a c t o r  models 
w i th  s i x  o r  e i g h t  i n d i c a t o r  v a r i a b l e s .  As sample s i z e  in c re a s e s ,  
th e  l iK e l ih o o d  of b ia s  in ^ th e  f a c t o r  lo a d in g s  d e c re a se s ,  
p a r t i c u l a r l y  f o r  models in  which th e  f a c t o r  lo a d in g s  a re  sm a l l .  
Sample s i z e s  s m a l le r  th a n  100 p r e s e n t  s e v e re  problem s, n o t  on ly  
because  p a ram e te r  e s t im a te s ,  s ta n d a rd  e r r o r s ,  and x 2 
s t a t i s t i c s  a r e  u n s ta b l e  b u t  a l s o  becau se  of th e  problem s of 
non-convergence  and im proper s o l u t i o n s .
A Monte C arlo  s tu d y  by G erbing & Anderson (1965) of th e  
e f f e c t s  of model c h a r a c t e r i s t i c s  on p a ram e te r  e s t im a te s  in  
c o n f i rm a to ry  f a c t o r  a n a l y s i s  d em onstra ted  t h a t  th e  v a r i a b i l i t y  of 
th e  p a ram e te r  e s t im a te s  d e c re a s e s  as  sample s i z e  In c re a s e s .  T h is  
s tu d y  a l s o  examined th e  e f f e c t s  of u s in g  d i f f e r e n t  numbers of 
f a c t o r s ,  u s in g  d i f f e r e n t  numbers of i n d i c a t o r s  p e r  f a c t o r ,  and 
s p e c i f y in g  v a ry in g  c o r r e l a t i o n s  between f a c t o r s .  Sample s i z e  was 
found to  have th e  l a r g e s t  e f f e c t  on th e  s i z e  of t h e  s ta n d a rd  
e r r o r s  of t h e  e s t im a te s .  The number of i n d i c a t o r s  and th e  s i z e  
of th e  lo a d in g s  had s m a l l e r  e f f e c t s .  The o n ly  c o n s i s t e n t l y  
s i g n i f i c a n t  b ia s  o cc u rre d  f o r  th e  s t r u c t u r a l  p a ram e te r  r e l a t i n g  
th e  two f a c t o r s  (4>) when each  f a c t o r  was d e f in e d  by two
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i n d i c a t o r s .  When th e  number of i n d i c a to r s  was in c re a s e d  th e  b ia s  
approached  zero .
Boomsma (1983) a l s o  i n v e s t i g a t e d  th e  e f f e c t s  of 
n o n -n o rm a l i ty .  D ep a r tu re s  f ro m  m u l t i v a r i a t e  n o r m a l i t y  o f te n  
occu r  in  r e a l - l i f e  d a ta .  Boomsma ana lyzed  r e c u r s i v e  and 
n o n - r e c u r s iv e  models w hich w ere m o d if ied  t o  c o n ta in  some d i s c r e t e  
i n d i c a t o r  v a r i a b l e s ,  and some v a r i a b l e s  e x h i b i t i n g  v a r io u s  
d eg rees  of sKewness. Sample s i z e  in  th e s e  s t u d i e s  was h e ld  
c o n s ta n t  a t  K = 400 so as n o t  t o  confound th e  e f f e c t s  of 
n o n -n o rm a l i ty  w i th  th e  e f f e c t s  of sample s i z e .  The r e s u l t s  
I n d i c a t e  t h a t  t h e  e f f e c t s  of c a t e g o r i z a t i o n  a re  r e l a t i v e l y  minor, 
b u t  th e  e f f e c t s  of sKewness a r e  somewhat g r e a t e r ,  depending  on 
th e  d eg ree  of sKewness e n c o u n te re d .  In g e n e ra l ,  u n d e r  c o n d i t io n s  
of m odera te  sKewness (median a b s o lu t e  v a lu e  o f  sKewness = 1 .25) 
th e  LISREL e s t im a te s  were r a t h e r  s t a b l e  g iven  a  sample s i z e  as 
la rg e  as  400. C o n s id e r in g  t h e  im pact of sm all  sample s i z e  on 
n o rm a l ly  d i s t r i b u t e d  v a r i a b l e s ,  we would e x p e c t  t o  f i n d  s i m i l a r  
i f  n o t  w orse problems f o r  s m a l l e r  samples und er  c o n d i t io n s  of 
extrem e sKewness; t h i s  p a r t i c u l a r  problem  has  n o t  been f u l l y  
e x p lo re d  however.
The e f f e c t s  of th e  u se  of dichotomous v a r i a b l e s  under  v a ry in g  
c o n d i t io n s  of sKewness have been s tu d ie d  by E th in g to n  (1965).
The use  of th e  P ea rson  product-m oment c o r r e l a t i o n  m a t r ix  as in p u t  
r a t h e r  th a n  th e  v a r i a n c e - c o v a r i a n c e  m a t r ix  maKes th e  r e s u l t s  
d i f f i c u l t  t o  compare t o  Boomsma’s (1983) g e n e ra l  f i n d i n g s .
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S t r u c t u r a l  p a ram e te r  e s t im a te s  were b ia se d  when th e  i n d i c a t o r  
v a r i a b l e s  were sKewed, and th e  d eg ree  of skewness seems t o  have 
a f f e c t e d  th e  d eg ree  of b i a s  much more th a n  was in d i c a te d  by 
Boomsma's work. The s ta n d a r d  e r r o r s  of such  e s t im a te s  were a l s o  
found t o  be c o n s i s t e n t l y  to o  la rg e ;  thus ,  t - t e s t s  of th e  
e s t im a te s  would be c o m p le te ly  undependable  and model 
r e - s p e c i f i c a t i o n  v i r t u a l l y  im p o ss ib le .  Use of a mixed in p u t  
m a tr ix  c o n ta in in g  Pearson, p o l y s e r i a l ,  and t e t r a c h o r i c  
c o r r e l a t i o n s  g r e a t l y  reduced  th e  b i a s  of t h e  e s t i m a t e s .  In  th e s e  
s tu d i e s  sample s i z e  was f i x e d  a t  N=500 t o  avo id  confounding  th e  
r e s u l t s  w i th  th e  e f f e c t s  of sample s i z e .
The problem s of u s in g  n o n -co n tin u o u s  d a t a  were i n v e s t ig a t e d  
by E th in g to n  (1985) who s tu d ie d  th e  e f f e c t s  of dichotomous 
v a r i a b l e s  and by Muthen (1984) and Muthen & Kaplan (1985) who 
examined c a t e g o r i c a l  L i k e r t - t y p e  i n d i c a t o r s .  When c a t e g o r i c a l  
v a r i a b l e s  have an u n d e r ly in g  normal d i s t r i b u t i o n ,  t h e  problems of 
u s in g  t h e s e  v a r i a b l e s  a re  l e s s  s e v e re .  C a te g o r ic a l  v a r i a b l e s  
w hich a r e  a l s o  h ig h ly  skewed (skewness exceeds i . 5  in  a b s o lu te  
v a lu e )  a f f e c t  model f i t  more s e r i o u s l y .  A lthough  Muthen & Kaplan 
(1965) found  no c o n s i s t e n t  b ia s  of p a ram e te r  e s t im a te s ,  
g o o d n e s s - o f - f i t  t e s t s  w ere undependable  and s ta n d a r d  e r r o r s  were 
u n d e re s t im a te d ,  th u s  r e n d e r in g  t - t e s t s  i n e f f e c t i v e .
c o r r e c t  t h e o r e t i c a l  s p e c i f i c a t i o n  i s  an i s s u e  t o  be 
c o n s id e re d  f o r  th e  measurement model as  w e ll  as  t h e  s t r u c t u r a l  
model. E r r o r s  of om iss ion  and in c lu s io n  a re  p o s s i b l e  when
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choosing  i n d i c a t o r  v a r i a b l e s  f o r  l a t e n t  c o n s t r u c t s ,  C o s tn e r  & 
Schoenberg (1973) p ro v id e  some g en e ra l  g u id e l in e s  f o r  th e  
r e - s p e c  i f i c a t i o n  of measurement models w hich in v o lv e  th e  
ex am in a t io n  of th e  f a c t o r  lo ad in g s ,  a s s o c i a t e d  e r r o r s  of 
measurement, th e  t - v a l u e s ,  and th e  r e s id u a l  m a t r ix (S  -  S.) I f  
t h e  i n i t i a l  model p roves  t o  be i l l - f i t t i n g ,  th e  measurement model 
shou ld  be r e - s p e c i f i e d  f i r s t .  Two d i f f e r e n t  p ro ced u re s  f o r  
r e - s p e c i f i c a t i o n  a r e  s u g g e s te d  by Anderson & G erblng  (1982): ( i )  
exam ina t ion  of th e  f a c t o r  lo a d in g s  and th e  r e l a t i v e  s i z e  of th e s e  
lo a d in g s  compared to  some p red e te rm in ed  c u to f f  v a lue ; and (2) 
exam ina t ion  of th e  n a t u r e  of th e  c o n s t r u c t  and d e te rm in a t io n  of 
how each  i n d i c a t o r  v a r i a b l e  c o n t r i b u t e s  t o  th e  r e p r e s e n t a t i o n  of 
th e  c o n s t r u c t  r e g a r d l e s s  of th e  i n i t i a l  f a c t o r  lo a d in g .
The d e t e c t i o n  of two p o s s i b l e  s p e c i f i c a t i o n  e r r o r s  in 
f a c t o r  a n a l y t i c  models, th e  om iss ion  of a s i g n i f i c a n t  f a c t o r  
lo a d in g  and th e  om ission  of a  c o r r e l a t i o n  between e r r o r  terms, 
i s  d i s c u s s e d  by S a r i s ,  P ip e r ,  & zegw aart (1979). T h e i r  Monte 
C a r lo  r e s e a r c h  on op tim al f i t t i n g  of t h e  f a c t o r  a n a l y t i c  model 
s u g g e s ts  t h a t  r e - s p e c i f i c a t i o n  of t h e  model can a c t u a l l y  be 
c a r r i e d  to o  f a r .  T h e o r e t i c a l ly ,  t h e  c o r r e c t i o n  of a model cou ld  
c o n t in u e  u n t i l  t h e  f i n a l  model rep ro d u ces  t h e  d a t a  p e r f e c t l y .  
However, many of th e s e  m o d i f i c a t io n s  w i l l  a c t u a l l y  be c o r r e c t in g  
sam pling  e r r o r  r a t h e r  th a n  t r u e  s p e c i f i c a t i o n  e r r o r .  The a u th o rs  
s u g g e s t  d i s c o n t in u in g  r e - s p e c i f i c a t i o n  when ( l )  t h e  x 2 v a lu e  
i s  equal t o  o r  s m a l l e r  th a n  t h e  number of d eg ree s  of freedom, (2)
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a p red e te rm in ed  p r o b a b i l i t y  le v e l  i s  reached , o r  (3) th e  
d i f f e r e n c e  in x 2 f o r  two s u c c e s s iv e  a n a ly se s  of competing 
models i s  i n s i g n i f i c a n t .  T h e o r e t i c a l  c o n s id e r a t io n s  shou ld  be of 
paramount Im portance in  t h e  d e te rm in a t io n  of b e s t  f i t ,  b u t  th e  
a u th o rs  s u g g e s t  t h a t  a c r i t e r i o n  of parsim ony a l s o  be employed.
F o r n e l l  (1983) and Bagozzi (1963) c r i t i c i z e  th e  
u n s u b s t a n t i a t e d  s p e c i f i c a t i o n  of c o r r e l a t e d  measurement e r r o r .  
Both have commented on th e  ten d en cy  of r e s e a r c h e r s  t o  in t ro d u c e  
such  c o r r e l a t i o n s  in to  a model s o l e l y  t o  improve 
g o o d n e s s - o f - f i t .  G erbing & Anderson (1984) i n d i c a t e  t h a t  adding 
c o r r e l a t e d  measurement e r r o r s  t o  a model n e a r l y  always improves 
th e  f i t  i f  s t a t i s t i c a l  c o n s id e r a t io n s  of f i t  a r e  t h e  on ly  
c r i t e r i a  used f o r  such  r e - s p e c i f i c a t i o n .  T h e i r  s tu d y  
d em o n s tra te s  how th e  in d i s c r im i n a t e  a d d i t i o n  of c o r r e l a t e d  
measurement e r r o r  in  s e c o n d -o rd e r  f a c t o r  a n a l y t i c  models may 
a c t u a l l y  r e s u l t  in  t h e o r e t i c a l l y  i n c o r r e c t  m odels ,
In  summary, based  on c u r r e n t  r e s e a rc h ,  th e  a p p r o p r ia te n e s s  of 
th e  LISREL model under v i o l a t i o n s  of assum ptions  o r  
m i s s p e c i f i c a t i o n  i s  n o t  c l e a r .  The m a jo r i t y  of s t u d i e s  have 
examined p ro b lem a tic  a s p e c t s  of th e  measurement model o r  th e  
s t r u c t u r a l  model w hich a re  o f t e n  enco u n te red  in  p r a c t i c a l  
a p p l i c a t i o n s .  These s t u d i e s  have been so r e c e n t  t h a t  r e p l i c a t i o n  
has n o t  been p o s s ib le ,  and g e n e ra l  g u id e l in e s  and e x p e c ta t io n s  
r e g a r d in g  th e  b e h a v io r  of LISREL p a ram e te r  e s t im a te s  canno t y e t  
be fo rm u la te d .  Many of t h e  s t u d i e s  m entioned  have n o t  been Monte
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C ar lo  s t u d i e s  b u t  have been exam ina t ions  of models u s in g  r e a l  
d a ta ,  su c h  s t u d i e s  a r e  im p o r tan t  in  d e t e c t i n g  t r e n d s  and fo rm ing  
c o n je c tu r e s  on th e  b e h a v io r  of LISREL in  a p p l i c a t i o n s .  However, 
many of th e s e  s t u d i e s  s u f f e r  from  s t a t i s t i c a l  v a l i d a t i o n  problems 
s in c e  p e r t i n e n t  in fo rm a t io n  abou t th e  d i s t r i b u t i o n s  of th e  
i n d i c a t o r  v a r i a b l e s  in  t h e  p o p u la t io n  i s  n o t  known. Thus th e  
r e s u l t s  may r e f l e c t  s a m p le - s p e c i f i c  c h a r a c t e r i s t i c s  w hich canno t 
be g e n e r a l iz e d .
I I I .  METHODS
The Concept of t h e  True Model
This  s tu d y  a t te m p te d  t o  answer two q u e s t io n s :  ( l )  how does 
sample s i z e  a f f e c t  th e  maximum l ik e l i h o o d  p a ram e te r  e s t im a te s  
produced by a LlSREL-type model; and (2) how do s p e c i f i c  
in s ta n c e s  of s t r u c t u r a l  model m i s s p e c i f i c a t l o n  a f f e c t  t h e  
p a ram e te r  e s t im a te s .  R obustness  s tu d i e s  of t h i s  ty p e  a re  
conmonly made u s in g  a Monte C arlo  method. The main advan tage  of 
t h i s  e m p ir ic a l  method is  t h a t  th e  t r u e  d i s t r i b u t i o n  i s  Known, n o t  
assumed, as  in  most a n a l y t i c a l  methods of s tu d y  (Hatch & Posten, 
1966), The r e s e a r c h e r  Knows th e  t r u e  p r o b a b i l i t y  d i s t r i b u t i o n  a 
p r i o r i  becau se  t h e  r e s e a r c h e r  i s  f r e e  t o  s p e c i f y  th e  d i s t r i b u t i o n  
and ta k e  samples from i t  (A c lto  & Anderson, 1984). Thus Monte 
C a r lo  methods in v o lv e  th e  g e n e ra t io n  and a n a l y s i s  of a r t i f i c i a l  
d a ta .
The p r o b a b i l i t y  d i s t r i b u t i o n  from  w hich t o  taKe samples i s  
d e te rm ined  by th e  problem  a t  hand. In t h i s  case , LISREL 
s t r u c t u r a l  e q u a t io n  m odeling  r e q u i r e s  a m u l t i v a r i a t e  normal 
d i s t r i b u t i o n .  As i t  was n o t  th e  aim of t h i s  s tu d y  to  examine th e  
e f f e c t s  of n o n -n o rm a l i ty  o r  th e  e f f e c t s  of u s in g  c a t e g o r i c a l  
da ta ,  t h e  i n d i c a t o r  v a r i a b l e s  were assumed to  fo l l o w  a 
m u l t i v a r i a t e  normal d i s t r i b u t i o n .
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Under t y p i c a l  a p p l i c a t i o n s  of th e  LISREL model, a raw d a ta  
m a tr ix  of s i z e  N X K would be o b ta in e d  and a  sample c o v a r ia n c e  o r  
c o r r e l a t i o n  m a t r ix  would be d e r iv e d  and used  as in p u t  t o  th e  
LISREL program. In  th e  Monte C a r lo  s tudy , th e  g e n e r a t io n  of raw 
d a ta  i s  u n n e c e ss a ry .  Once t h e  t r u e  model has  been s p e c i f i e d ,  
t r u e  p a ra m e te r  v a lu e s  a r e  d e te rm in e d .  These p a ram e te r  v a lu e s  a re  
s u p p l ie d  t o  a computer program, and th e  p o p u la t io n  c o v a r ia n c e  
m a tr ix  2  i s  g e n e ra te d .
I f  we re g a rd  th e  f i n i t e  p o p u la t io n  m a t r ix  2  as  a  sample 
c o v a r ia n c e  m a t r ix  and a n a ly z e  i t  u s in g  maximum l lK e iih o o d  
e s t im a t io n ,  th e  e s t im a te d  p a ram e te r  v a lu e s  would be e x a c t ly  equal 
to  t h e  t r u e  p a ram e te r  v a lu e s ,  in  f a c t ,  r e g a r d l e s s  of th e  
e s t im a t io n  p ro ced u re  used, t h e  o b ta in e d  s o l u t i o n  would be 
i d e n t i c a l  t o  th e  t r u e  s o lu t io n ,  and a l l  s o l u t i o n s  would have a 
p e r f e c t  f i t  t o  t h e  d a ta  w i th  a c h i - s q u a r e  of z e ro  (JoresKog & 
Sorbom, 1984).
Sampling th e o ry  t e l l s  us t h a t  a  sample taKen from  a 
p o p u la t io n  (known o r  unknown) can y i e l d  an e s t im a te  t h a t  i s  
e i t h e r  c l o s e  t o  t h e  p o p u la t io n  v a lu e  o r  w id e ly  d i s c r e p a n t  from i t  
due t o  sam pling  v a r i a b i l i t y ,  in  Monte C a r lo  s tu d i e s ,  th e  
p o p u la t io n  v a lu e s  a r e  known, and su b se q u en t sam p ling  produces 
e s t im a te s  w i th in  t h e  wide ran g e  im p lied  by t h e  p o p u la t io n .  Thus 
a  s p e c i f i c  sample may y i e l d  c o v a r ia n c e s  t h a t  a r e  c lo s e  t o  o r  
w id e ly  d e v ia n t  from  p o p u la t io n  c o v a r ia n c e s ,  b u t  on th e  average  
over  numerous samples, th e  av e rag e  sample v a lu e s  shou ld
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approx im ate  t r u e  p o p u la t io n  v a lu e s  (Hanmerley & Handscomb, 1964).
The n o t io n  of sam pling  b r in g s  up two o th e r  q u e s t io n s ;  (1) 
what i s  t h e  op tim al sample s i z e  H; and (2) how many samples o r  
number of r e p l i c a t i o n s  HR sh o u ld  be g e n e ra te d .  Sample s i z e  
a f f e c t s  t h e  g e n e ra t io n  of sample e s t im a te s  as  i t  i s  Known from 
sam pling  th e o r y  t h a t  l a r g e r  sam ples have a h ig h e r  p r o b a b i l i t y  of 
y i e ld in g  sample v a lu e s  w hich a re  c lo s e  t o  t h e  p o p u la t io n  v a lu e s .  
A lso  th e  number of r e p l i c a t i o n s  has an e f f e c t  on t h i s  
p r o b a b i l i t y .  Any one r e p l i c a t i o n  r e g a r d l e s s  of sample s i z e  may 
have sample s p e c i f i c  c h a r a c t e r i s t i c s .  Thus m u l t i p l e  r e p l i c a t i o n s  
a re  n e c e s s a r y  in  Monte C a r lo  r e s e a r c h .
The op tim al sample s i z e  q u e s t io n  i s  answered by 
c o n s id e r a t io n  of p a s t  r e s e a r c h .  As m entioned  in  C h a p te r  2, th e  
LISREL l iK e lih o o d  r a t i o  t e s t  assumes a la rg e  sample s i z e  and y e t  
a d e f i n i t i o n  of " l a r g e "  was n o t  examined u n t i l  t h e  work of 
Boomsma (1962a, 1982b, 1983). Boomsma i n i t i a l l y  experim en ted  w i th  
models u s in g  sample s i z e s  of 25, 50, 100, 200, 400, and 600. 
A n a ly s is  of h i s  f i r s t  model r e v e a le d  t h a t  s e r io u s  convergence 
problems o f t e n  r e s u l t e d  from  u s in g  sample s i z e s  s m a l l e r  th a n  100. 
For samples of s i z e  N= 100, convergence problems and im proper 
s o l u t i o n s  were few er, b u t  t h e  d i s t r i b u t i o n s  of sample pa ram ete r  
e s t im a te s  were n o t  norm al. In  su b se q u en t a n a ly se s ,  t h e  samples 
u s in g  N=eoo were a l s o  dropped as e s t im a te s  and c h i - s q u a r e  
s t a t i s t i c s  were n o t  improved by th e  u se  of t h i s  sample s i z e .  The 
sample s i z e  N= 200 is  a r e f e r e n c e  p o in t  e s t a b l i s h e d  by Boomsma
66
and c o n s id e re d  in  most Monte C arlo  s t u d i e s  t h e r e a f t e r  (E th ing ton , 
1985; G all  i n i  & M andev il le ,  1983; G erbing  & Anderson, 1985; 
MacCallum, 1985).
The number of r e p l i c a t i o n s  is  a l s o  a  p r im ary  i s s u e  t h a t  was 
f i r s t  examined by Boomsma (1983). The number of r e p l i c a t i o n s  i s  
a d e te rm in in g  f a c t o r  in  e s t a b l i s h i n g  th e  acc u ra c y  of sample 
param ete rs ,  s ta n d a rd  e r r o r s ,  and c h i - s q u a r e  s t a t i s t i c s .  As w i th  
sample s iz e ,  more u s u a l l y  means b e t t e r  in  te rm s of e s t im a t in g  
p o p u la t io n  v a lu e s .  Monte C a r lo  s tu d i e s  however a re  o f te n  l im i t e d  
by th e  r e a l i t i e s  of u s in g  e x te n s iv e  computer tim e, th e  c o s t  of 
such time, and t h e  s h e e r  d i f f i c u l t i e s  of h a n d l in g  th e  m ass ive  
amounts of numbers produced by a Monte C arlo  s tu d y .  F or 
in s ta n c e ,  Boomsma (1983, p. 46) s t a t e s  t h a t  u s e  of a 99* 
c o n f id e n c e  le v e l  would r e q u i r e  6643 r e p l i c a t i o n s .  I f  a model 
were e s t im a te d  t h a t  c o n ta in e d  20 param eters ,  p roduc ing  th e  
e s t im a te s ,  t h e  s ta n d a rd  e r r o r s ,  th e  t - v a l u e s ,  t h e  m o d i f ic a t io n  
in d ic e s ,  th e  v a r ia n c e s  of t h e  e s t im a te s ,  and th e  c h i - s q u a re  
s t a t i s t i c s  would r e q u i r e  h a n d l in g  101 p ie c e s  of in fo rm a tio n  f o r  
each r e p l i c a t i o n  o r  670,943 numbers f o r  a l l  6643 r e p l i c a t i o n s  of 
one model. The amount of in fo rm a t io n  is  even more s ta g g e r in g  
when one c o n s id e r s  t h a t  most s tu d i e s  invo lve  com parisons of many 
models.
Boomsma f i r s t  used 100 r e p l i c a t i o n s  f o r  h i s  i n i t i a l  worK. 
A f t e r  s tu d y in g  th e  r e s u l t s ,  th e  number of r e p l i c a t i o n s  was 
in c re a s e d  to  300. The demands of computer time, s to r a g e  of
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in fo rm atio n ,  and amount of in fo rm a t io n  were heavy b u t  n o t  
u n re a s o n a b le .  The r e s u l t s  were g r e a t l y  improved by u s in g  300 
r e p l i c a t i o n s  in s te a d  of 100 as  th e  s ta n d a rd  e r r o r s  were reduced  
by h a l f .  T h e re fo re  f o r  t h i s  s tu d y  300 r e p l i c a t i o n s  were used 
f o r  each  model t e s t e d ,
Model D e s c r ip t io n
The p o p u la t io n  model used  f o r  t h i s  s tu d y  was d es ig n ed  so as 
t o  r e p r e s e n t  a number of s t r u c t u r a l  s p e c i f i c a t i o n s  commonly found 
in a p p l i c a t i o n s .  Such s p e c i f i c a t i o n s  cou ld  th e n  be m a n ip u la ted  
in  th e  models to  be t e s t e d ,  and th e  e f f e c t s  on t h e  models 
examined, The t r u e  model i s  p re s e n te d  in  F ig u re  4, and th e  t r u e  
p o p u la t io n  v a lu e s  a re  in  T ab le  1.
The p o p u la t io n  model c o n ta in s  one exogenous v a r i a b le ,  t h r e e  
endogenous v a r i a b l e s ,  and e i g h t  i n d i c a t o r  v a r i a b l e s ,  two f o r  
each l a t e n t  v a r i a b l e .  A lthough  th e  u se  of t h r e e  i n d i c a t o r  
v a r i a b l e s  p e r  l a t e n t  v a r i a b l e  would reduce  t h e  p a ram e te r  b ia s  
t h a t  sometimes occu rs  when two o r  few er  i n d i c a t o r  v a r i a b l e s  a re  
used, i t  i s  u s e fu l  t o  s tu d y  th e  b e h a v io r  of p a ra m e te r  e s t im a te s  
under  th e  w o rs t  p o s s i b l e  c o n d i t io n s .  Also, t h e  u se  of two 
i n d i c a t o r  v a r i a b l e s  p e r  l a t e n t  v a r i a b l e  is  n o t  uncommon in 
a p p l ie d  r e s e a r c h  (Gerbing & Anderson, 1965; Boomsma, 1966), For 
t h e  p r e s e n t  s tudy , a l l  model m i s s p e c i f i c a t l o n  o ccu rs  in  th e
FIGURE 4. TRUE MODEL
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f a c t o r  loadings of 1.0 are f ixed  f o r  manifest  va r iab les
TABLE 1. VALUES OF POPULATION PARAMETERS
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s t r u c t u r a l  model; t h e  measurement model rem ains  c o n s ta n t  and 
c o n s i s t s  of i n d i c a to r s  g e n e ra te d  from  a m u l t i v a r i a t e  normal 
d i s t r i b u t i o n .
The fo l lo w in g  n in e  p o s s i b l e  ty p e s  of s t r u c t u r a l  model 
m i s s p e c l f i c a t i o n  w ere s tu d ie d :
1. E r r o r s  of omission
a .  O m itted  p a th  from an exogenous v a r i a b l e  t o  an 
endogenous v a r i a b l e  (which now becomes an 
exogenous v a r i a b l e ) ,
b. O m itted  r e c u r s i v e  p a th  from  an endogenous 
v a r i a b l e  t o  an endogenous v a r i a b l e ,  and
c. o m i t te d  n o n - r e c u r s iv e  p a th  between endogenous 
v a r i a b l e s ,
£. E r r o r s  of in c lu s io n
a. Inc luded  p a th  from  an exogenous v a r i a b l e  t o  an 
endogenous v a r i a b l e ,
b. Inc luded  r e c u r s i v e  p a th  from  an endogenous 
v a r i a b l e  t o  an endogenous v a r i a b l e ,  and
c. Inc luded  n o n - r e c u r s iv e  p a th  between endogenous 
v a r i a b l e s .
3. S im ultaneous  e r r o r s  of om iss ion  and in c lu s io n
a . O m itted  p a t h  from  an exogenous v a r i a b l e  to  an 
endogenous v a r i a b l e  (which now becomes an 
exogenous v a r i a b l e )  and in c lu d ed  p a th  from  an 
exogenous v a r i a b l e  t o  a n o th e r  endogenous
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v a r ia b le ,
b. O m itted  r e c u r s i v e  p a th  from an endogenous 
v a r i a b l e  t o  ah endogenous v a r i a b l e  and in c lu d ed  
r e c u r s i v e  p a th  from  an endogenous v a r i a b l e  t o  
a n o th e r  endogenous v a r i a b l e ,  and
c, e m i t te d  n o n - r e c u r s iv e  p a th  between endogenous 
v a r i a b l e s  and in c lu d ed  a d i f f e r e n t  n o n - r e c u r s iv e  
p a th  between endogenous v a r i a b l e s .
E r r o r s  of om iss ion  w i l l  be r e f e r r e d  t o  f o r  s i m p l i c i t y ' s  sake  as 
Case 1, e r r o r s  of in c lu s io n  as c a s e  2, and s im u l ta n e o u s  e r r o r s  as  
Case 3. Models t o  be t e s t e d  u n d e r  each  case  w i l l  be r e f e r r e d  to
by l e t t e r  as  A, B, o r  C. Thus om ission  of a p a th  from  an
exogenous v a r i a b l e  t o  an endogenous v a r i a b l e  w i l l  be r e f e r r e d  to
as  Model iA, e t c .  The s t r u c t u r a l  models a re  p r e s e n te d  in  F ig u re s
5, 6, and 7.
G en e ra t io n  of Sample C ovariance  M a tr ic e s  
and E s t im a t io n  of th e  M lss p e c lf  ied  Models
U sing th e  a s s ig n e d  t r u e  p a ra m e te r  v a lu e s ,  th e  model was 
s p e c i f i e d  and th e  p o p u la t io n  c o v a r ia n c e  m a t r ix  g e n e ra te d  u s in g  a 
SAS (1982) FROC MATRIX program. The t r u e  p o p u la t io n  c o v a r ia n c e  















FIGURE 7. SIMJLTANEXXJS ERRORS OF OMISSION AND INCLUSION
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Y1 Y2 Y3 Y4 Y5 Y& x t x2
Y1 2 .735
Y2 2.372 2.335
Y3 .963 .667 .876
y 4 .674 .607 .543 .780
y5 2.403 2.163 1.062 .743 2.467
Y6 1.923 1.730 .850 .595 1 .894 1.B15
*1 1.108 .997 .720 ,504 1.135 .908 1.00
*2 .997 .897 .648 .454 1.022 .817 .810 .929


















5= 0 0 .3 /0  0 0 /  .7  .5  0;
1= 1 0 0 /0  1 0 /0  0 1;
G= . 4 / .  0/0;
FH= .9;
PS= .5  0 0 /0  . 2 0 / 0 0  .1;
LY= 1 .0  0 0 / . 9  0 0 / 0  1 .0  0 /0  .7 0 /0  0 1 .0 /0  0 .8;
LX= 1 . 0 / .  9;
TE= . 1 0 0 0 0  0/ 0 . 2 0 0 0  0 / 0  0 . 1 0 0  0 / 0  0 0  . 4 0 0 /  
0 0 0 0 ,1 0 /0  0 0 0 0 ,3;
TD= .1 0 /0  .2;
SYY= LY*INV(I-B)« (G*FHkG'+ PS) * INV(I-B ' )#LY» + TE;
SXX= LX#PH*LX * + td ;
SXY= LXt*PHt*G't«INV(I-B’ )»LY>;
SYX= LY# INV(I=B)kG*PH*LX1;
FIGURE 6. SAS PROC MATRIX PROGRAM USED TO GENERATE
POPULATION MATRIX
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to  g e n e ra te  th e s e  d a ta .
The p o p u la t io n  c o v a r ia n c e  m a t r ix  s  i s  u sed  to  g e n e ra te  
300 sam ple c o v a r ia n c e  m a t r i c e s  S f o r  each  model t o  he t e s t e d .  The 
sample c o v a r ia n c e  m a t r ic e s  w ere produced by u s in g  a  FORTRAN 
W ish a r t  v a r i a t e  g e n e r a to r  program  (Smith & HocKing, 1972). T h is  
FORTRAN r o u t i n e  g e n e ra te s  a  sample c o v a r ia n c e  m a t r ix  from  a 
m u l t i v a r i a t e  normal p o p u la t io n  w i th  mean v e c t o r  0 and th e  
s p e c i f i e d  sample s i z e .  The W ish a r t  v a r i a t e  g e n e r a to r  i s  g iven  in  
F ig u re  9. An example of a sample c o v a r ia n c e  m a t r ix  g e n e ra te d  
from t h i s  program i s  g iven  in  T ab le  3.
LISREL programs were w r i t t e n  f o r  each  of t h e  n in e  models t o  
be t e s t e d .  In  a d d i t io n ,  each  model was t e s t e d  u n d e r  two sample 
s iz e s ,  N= 100 and N=200. Thus id  com binations  of model 
m i s s p e c i f i c a t i o n  and sample s i z e  w ere t e s t e d  f o r  a minimum t o t a l  
of 5400 r e p l i c a t i o n s  over t h e  e n t i r e  s tu d y .  The LISREL program 
computes s t a r t i n g  v a lu e s  u s in g  an in s t ru m e n ta l  v a r i a b l e s  method 
( n o n - r e c u r s iv e  m odels) o r  a l e a s t  s q u a re s  method ( r e c u r s iv e  
m o d e ls ) .  Use of th e s e  s t a r t i n g  v a lu e s  e f f e c t i v e l y  c u t s  down on 
th e  com puter t im e  r e q u i r e d  f o r  e s t im a t io n  and a id s  in  r e a c h in g  a 
c o n v e rg e n t s o l u t i o n  w i th in  th e  250 i t e r a t i o n . 1 im it  imposed by th e  
LISREL program. An example of a program f o r  t h e  m i s s p e c i f i e d  
models i s  p r e s e n te d  in  F ig u re  10.
The r e l e v a n t  o u tp u t  from  th e  program ru n s  c o n s i s t e d  of th e  
maximum l i k e l i h o o d  p a ram e te r  e s t im a te s ,  th e  s ta n d a r d  e r r o r s  of 
th e  e s t im a te s ,  m o d i f i c a t io n  in d ic e s  f o r  a l l  p a ra m e te rs  t h a t  were
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0 01 40 0 DIMENSION R ( 3 6 ) ,S B < 3 6 ) ,S A (3 6 ) ,D ( 3 6 ) ,R S A M < 3 6 )
001 50 0 C * W R IT E (B ,9 0 )
0 01 6 0 0 c * 9 0  FORMAT(IX ,'ENTER 1 FDR INTERACTIVE, 0  OTHERWISE*)
001 70 0 READ( 5 , * )  IOP
0 0 1 BOO IF  ( IO P  . ED. 1)
0 0 1 9 0 0 + W R IT E IB ,130)
002 00 0 130 FORMAT(IX ,'ENTER # OF VARIABLES*)
0 02 1 0 0 READ( 5 , * )  NP
0 0 2 2 0 0 I F  ( IDP .EQ . 1)
0 0 2 3 0 0 + W R IT E (S ,140)
0 02 40 0 140 FO RMAT(IX,'ENTER SAMPLE S IZ E * )
002 50 0 READ( 5 ,  # ) N
0 02 60 0 N1 = N -  1
0 0 2 7 0 0 RNR = N
002 30 0 RK = NP
0 02 90 0 K1 = NP -  1
003000 RK1 = K1
0 0 3 1 0 0 NNP s= NP *  (NP + l > / 2
003 20 0 NUM = NP *  (NP -  l ) / 2
0 0 3 3 0 0 RNUM = NUM
003 40 0 IF  ( IO P  .E Q . 1)
003 50 0 + WRITE( 8 , 2 1 0 )
003 60 0 210  FDRM AT(IX ,'ENTER POPULATION COVARIANCE M ATR IX ')
0 0 3 7 0 0 READ( 5 , 2 1 1 )  (R C J ) ,J = 1 ,N N P )
003 71 0 211 FORMAT( 1 2 ( I X , F 5 . 3 ) , / 1 2 ( 1 X , F 5 . 3 ) , / 1 2 ( 1 X , F 5 . 3 )>
003B D 0 c * WRITE( 8 , 4 0 0 )
0 03 90 0 c * 400  FORMAT(1 H I )
004 00 0 c * W R IT E (B ,102)
0 04 10 0 102 FO RM AT(/IX )
004 20 0 C * W R IT E (B ,175)
004 30 0 C * 175  F O R M A T (IX , ' IN P U T  PARAMETERS:*)
0 0 4 4 0 0 C * W RITE( 8 ,1 7 0 )  NP, N , NNP
0 0 4 5 0 0 C * 170 FORMAT( I X , 'K = ’ , I 3 , 5 X , ' N =  ' , I 5 ,5 X , * N N P  = ' , 1 6 )
004600 C * W R ITE (B ,1 0 2 )
004 70 0 c . *. WRITE( 8 , 4 1 0 )
004B00 c #• 4 1 0  FORMAT(IX,'POPULATION COVARIANCE M A T R IX : ' )
004 90 0 c # W R ITE (B ,12B ) ( R ( J ) , 0 = 1 ,NNP)
005 00 0 12B1 F O R M A T (6 (1 X ,F 1 2 .3 ) )
005 10 0 CALL C H O L(R ,N P ,D ,NU LLTY,IFA U LT)
0 0 3 2 0 0 IF  (NULLTY .N E . 0 )  GO TO 97
003 30 0 IF  ( IFAULT .EQ . 1) GO TD 99
0 0 5 4 0 0 IF  ( IFAULT .EQ . 2 )  GO TO 99
005 50 0 C * W R IT E (B ,102)
0 0 5 6 0 0 c # WRITE(B , 440 )
005 70 0 c * 4 4 0  F0RM AT(1X,*D  M A T R IX :*)
005B00 c * W R ITE (B ,12B ) (D (J ) ,J = 1 ,N N P >
003 90 0 ICOUNT » 1
FIGURE 9. WISHART VARIATE GENERATOR— FORTRAN PROGRAM
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0 05 91 0 IX = 1 9093
005 92 0 IY  = 2 3 2
0 05 93 0 IZ  = 705B
005 94 0 BBB CONTINUE "
006 00 0 C *  777  W R ITE( 8 , 3 3 3 ) IC O U N T , IX , 1 Y , IZ
0 06 10 0 C *  333  F O R M A T ( /1 X ,4 ( IB ,2 X ) )
006 20 0 CALL WSHRT t D , N 1 , NP, NNP, SB, SA, I X , I Y , IZ
006 30 0 W R ITE( 8 ,1 0 2 )
006 40 0 Q * WRITE( 8 , 4 5 0 )
0 0 6 5 0 0 C *  450  FO RM AT<IX ,‘ WISHART M A T R IX : '>
006 60 0 W RITE( 8 ,1 2 8 )  CSA(O),J=1,NNP>
0 06 70 0 ICOUNT = ICOUNT + 1
006 80 0 IF C IC 0 U N T .8 E .5 0 0 )  STOP
0 06 90 0 SOTO 808
007 30 0 DO 50  J= 1 ,N P
0 07 4 0 0 DO 50  L = 1 , J
007 50 0 IND = IS U B (L ,  J )
0 07 6 0 0 RSAMtlND) = l .D O
007 70 0 IF  (L .EQ. J )  GO TO 50
007 00 0 IND1 = IS U B (L ,L )
007 90 0 IND2 a IS U B (J , J )
000 00 0 RSAMtlND) = SA ( IND) /  DSQRT(SA( IN D 1)
0 08 1 0 0 50 CONTINUE
0 0 0 2 0 0 W RITE( 8 ,1 0 2 )
008 30 0 W R IT E tS ,460 )
008 40 0 460 FORMAT(IX,'SAMPLE CORRELATION MATRIX:
0 0 8 5 0 0 W R IT E (B ,128) (R 5A M (J) ,J=1 ,N N P >
008 60 0 SUMR = 0 .
0 08 7 0 0 DO 20  J= 1 ,N P
008 80 0 DO 20  L = 1 , J
008900 IF  (L  -EQ. J )  GO TO 20
009 00 0 IND = I S U B ( L , 0 )
009100 SUMR = SUMR + RSAMtlND)
0 0 9 2 0 0 20 CONTINUE
009 30 0 RBAR = SUMR/RNUM
0 09 40 0 W RITE( 8 ,1 0 2 )
009 50 0 WRITE( 8 , 6 1 0 )  RBAR
0 09 60 0 610 F O R M A T ( IX , ‘ RBAR = ‘ ,G 1 4 .7 >
009 70 0 GO TO 999
009800 97 W RITE( 8 ,9 7 0 )  NULLTY
009 90 0 970 FORMAT(IX,'ERROR: NULLITY « ' , 1 5 )
010 00 0 GO TO 999
010 10 0 99 WRITE( 8 ,9 9 0 )  IFAULT
0 1 0 2 0 0 990 FORMAT( 1 X,'ERRDR: IFAULT = ‘ , 1 2 )
0 10 30 0 999 CONTINUE
0 1 0 4 0 0 STOP
0 10 5 0 0 END
S A U N D 2 ) )
)
FIGURE 9. WISHART VARIATETi ENERATOR-- PORIRAN PROGRAM
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Yi Y2 Y3 Y4  Y5 Y6 Xj 
Yj 1 .313
Y2 1.091 1.162
y3 .512 .461 .823
y 4 .358 .322 .344 .627
Y5 1.143 1.029 .746 .522 1.301
y 6 .914 .623 .597 .418 1.030 .832
*1 .592 .533 .634 .504 .775 .620 1.455
x 2 .533 .480 .478 .234 .852 .558 . 693
X2
.629
TABU: 3. SAMPLE COVARIANCE MATRIX
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£ . 37£ £ .335
.963 .867 .876
.674 .607 .543 .780
£.403 £.163 1 . 06£ .743 £.467
1 , 9£3 1.730 .650 .595 1 .894  1.815
1.108 .997 . 7£D .504  1.135 .908 1 .00
.997 .897 .648 .454 1 . 0££ .817 .810 ,9£9
LA
K
*Y1» 'Y£* 'Y3» 'Y 4’ *Y5» *Y6’ 'X I '  'X£*
SE
1 £ 5 6 7 8 3 4 
MO NY=4 NX=4 NK=£ NE:£ C
BE:FU, FI GA:FU,FI FH:DI, FR PS:DI, FR LY=FU, FI LX=FU, FI C 
TE:DI, FR TD=DI, FR
FR BE(£, 1) BE(1, £) GA(1, 1) GA(£, £) LY(£, 1) LY(4, £) C 
LX (£, 1) LX (4, £)
ST 1 .0  LY(1, 1 ) LY(3, £) LX(3, £) LX(1, 1)
OU SE TV RS MI
FIGURE 10. LISREL PROGRAM FOR MODEL 1A 
(SAMPLE OF LISREL PROGRAMS USED)
02
n o t  b e in g  e s t im a te d ,  and th e  c h i - s q u a r e  g o o d n e s s - o f - f i t  v a lu e  
w i th  t h e  a s s o c ia t e d  d eg ree s  of freedom . Means and average  
s ta n d a r d  e r r o r s  of p a ram e te r  e s t im a te s  were computed a c ro s s  
r e p l i c a t i o n s  f o r  each  com bina tion  of model and sample s i z e  N.
A ssessm ent of th e  r e s u l t s  was based  on th e  fo l lo w in g  
c r i t e r i a :
( l )  Average p a ram e te r  e s t im a te s  f o r  each model and sample 
s i z e  com bination  a c ro s s  r e p l i c a t i o n s
A. B ias of sample e s t im a te s :  I s  th e  ave rage  sample 
p a ram e te r  e s t im a te  d i f f e r e n t  from  th e  a c tu a l  
p a ra m e te r  v a lu e ?  T h is  r e l a t i v e  d i f f e r e n c e  was 
judged  by computing a  d i f f e r e n c e  s t a t i s t i c
A
Wfl w hich i s  [(w -  w ) /  w] X 1 0 0 ,
B. S tan d a rd  e r r o r s  of sample e s t im a te s :  I s  th e  
r o o t  mean s q u a re  e r r o r  (EMSE) of a  p a ra m e te r  
e s t im a te  d i f f e r e n t  from  th e  ex p ec ted  s ta n d a rd  
e r r o r ?  The EMSE i s  an u n b ia se d  e s t im a te  of t h e  
average  s ta n d a r d  e r r o r  f o r  a r e s t r i c t e d  sample 
s i z e .  T h is  s t a t i s t i c  i s  th e  s q u a re  r o o t  of th e  
average  u n c o r r e c te d  sum of s q u a re s  f o r  a 
p a ram e te r  e s t im a te .  The a c t u a l  s ta n d a rd  e r r o r s  
would p ro v id e  a b ia se d  e s t im a te  i f  averaged .
The ex p ec ted  s ta n d a rd  e r r o r  i s  t h e  s ta n d a rd  
e r r o r  when S  i s  used  f o r  a s p e c i f i e d  sample 
s i z e .  T h is  r e l a t i v e  d i f f e r e n c e  was Judged by
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computing a d i f f e r e n c e  s t a t i s t i c  se<j w hich i s  
[(EMSE -  s e ) /  se] X 100,
(2) A verage c h i - s q u a r e  a c ro s s  r e p l i c a t i o n s :  Would a 
m i s s p e c i f l e d  model s t i l l  be c o n s id e re d  a good f i t ?  What 
i s  th e  r a t e  of r e j e c t i o n  f o r  m i s s p e c i f l e d  m odels?
(3) M o d if ic a t io n  in d ic e s  f o r  e r r o r s  of om iss ion
A. Average m o d i f i c a t io n  index f o r  a  p a r t i c u l a r  
e r r o r ,
B. P e rc e n ta g e  of ca se s  in  w hich  th e  index i s  
h ig h e s t  f o r  th e  m i s s p e c i f l c a t i o n  made: Does th e  
m o d i f i c a t io n  index c o r r e c t l y  i n d i c a t e  th e  model 
a d ju s tm e n t  t o  be made?
(4) T -v a lu es  f o r  e r r o r s  of in c lu s io n
A. Average t - v a l u e  f o r  e r r o r :  I s  th e  t - v a l u e  
s i g n i f i c a n t ?
B, P e rc e n ta g e  of ca se s  in  w hich th e  t - v a l u e  i s  
i n s i g n i f i c a n t :  Does th e  t - v a l u e  c o r r e c t l y  
in d i c a t e  t h a t  th e  p a ra m e te r  sh o u ld  be s e t  
equal t o  ze ro ?
Im proper S o lu t io n s  and Honconvergence
In  a d d i t i o n  to  a n a ly z in g  in fo rm a tio n  abou t model 
m i s s p e c i f i c a t io n ,  p a ram e te r  b ia s ,  and r e s u l t a n t  g o o d n e s s - o f - f i t ,
i t  i s  a l s o  of I n t e r e s t  t o  c o n s id e r  th e  o c cu rren c es  of im proper 
s o l u t i o n s  and nonconvergence in  a Monte C a r lo  s tu d y .  Improper 
s o l u t i o n s  r e s u l t  when maximum liK e lih o o d  e s t im a te s  of v a r ia n c e s  
a re  n e g a t iv e .  These n e g a t iv e  v a r ia n c e s  in d i c a t e  t h a t  th e  
s o l u t i o n  i s  u n s ta b l e .  Nonconvergence was d e f in e d  as th e  
i n a b i l i t y  of th e  program to  f i n d  a un ique  s o l u t i o n  w hich meets 
th e  convergence c r i t e r i a  w i th i n  250 i t e r a t i o n s .  O ften  i t  is  
u n c e r t a in  w hether  r a i s i n g  th e  maximum number of i t e r a t i o n s  w i l l  
le ad  t o  a  f i n a l  s o l u t i o n ,  in  ca se s  of Monte C arlo  s tudy , i t  i s  
o f t e n  more e f f i c i e n t  t o  s im p ly  te rm in a te  th e  program a f t e r  250 
i t e r a t i o n s  (Boomsma, 1982a, 1985). Such was th e  c a se  in  th e  
p r e s e n t  s tu d y .
N eg a tiv e  e s t im a te s  of v a r ia n c e s  o r  Heywood ca se s  a re  
p ro b le m a tic  in  t h a t  th e  s o l u t i o n  i s  s u s p e c t .  In  Monte c a r l o  
r e s e a r c h  however, th e  s o l u t i o n s  a re  o f t e n  re g a rd e d  as p la u s ib le ,  
and th e  p a ram e te r  e s t im a te s ,  s ta n d a rd  e r r o r s ,  and c h i - s q u a re  
s t a t i s t i c s  a re  ana ly zed  as f o r  a d m is s ib le  s o l u t i o n s  (Boomsma, 
1982, 1985; RindsKopf, 1984). Gerbing & Anderson (1985) 
d is a g re e ,  and have emphasized t h a t  in c lu s io n  of im proper 
s o l u t i o n s  may lead  to  problem s of i n t e r p r e t a t i o n  and a d d i t i o n a l  
b i a s .
For t h i s  s tudy, im proper s o lu t i o n s  w ere  in c lu d ed  in  th e  
a n a l y s i s  u n le s s  t h e  im proper s o lu t i o n s  r e p r e s e n te d  a s i z e a b l e  
p e rc e n ta g e  (over 10z ) of th e  r e p l i c a t i o n s  f o r  any one model. I f  
some p a r t i c u l a r  models had o v e r ly  numerous im proper s o lu t io n s ,
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th e  b ia s  of p a ra m e te r  e s t im a te s  was c a l c u l a t e d  tw ic e — once w i th  
th e  im proper s o l u t i o n s  in c lu d e d  and once w i th  t h e  Improper 
s o l u t i o n s  exc luded .  In t h i s  way, th e  in f lu e n c e  of im proper 
s o l u t i o n s  on Monte C arlo  r e s u l t s  was examined more th o ro u g h ly .  In  
a d d i t io n ,  t h e  p e rc e n ta g e s  of im proper s o l u t i o n s  f o r  each  model 
t e s t e d  w ere  t a b u l a t e d  so t h a t  any s i g n i f i c a n t  t r e n d s  were 
d is c o v e re d .
A more s e r io u s  problem in  Monte C arlo  r e s e a r c h  i s  t h a t  of 
nonconvergence, in  g e n e ra l ,  nonconvergence problems a r e  most 
o f te n  a s s o c i a t e d  w i th  sm all  sample s i z e s .  Because t h i s  s tu d y  
invo lved  sample s i z e s  of ioo  and 2 0 0 , i t  was exp ec ted  t h a t  
nonconvergence problems would be in f r e q u e n t .  S in ce  th e  
s o lu t i o n  in  a nonconvergen t LISREL a n a l y s i s  may d e v ia te  w id e ly  
from a  t r u e  s o lu t io n ,  n o nconvergen t s o lu t i o n s  w ere n o t  in c lu d ed  
in  th e  a n a l y s i s ,  Any s o l u t i o n s  t h a t  were n onconvergen t were 
d is c a rd e d  and a n o th e r  com puter a n a l y s i s  w i th  a  new random sample 
was used  t o  t a k e  i t s  p la c e .  In  o th e r  words, t h e r e  were 300 
converged r e p l i c a t i o n s  f o r  each  model t e s t e d .
IV. ANALYSIS OF THE DATA
Each case  of model m i s s p e c i f i c a t i o n  o u t l i n e d  in  C h ap te r  3 was 
s tu d ie d  f o r  each  of two sample s i z e s ,  N=iOO and N=200. Thus 16 
com binations  of model m i s s p e c i f l c a t i o n  and sample s i z e  were 
t e s t e d  w i th  a t  l e a s t  300 r e p l i c a t i o n s  p e r  com bina tion . The 
program o u tp u t  was com piled and th e  PROC UNIVARIATE p ro ced u re  of 
SAS (1962) was used  t o  t a b u l a t e  average  p a ra m e te r  e s t im a te s ,  
r o o t  mean s q u a re  e r r o r s ,  av e ra g e  m o d i f i c a t io n  in d ic e s ,  and th e  
f r e q u e n c i e s  of e s t im a te s  a c ro s s  r e p l i c a t i o n s  and w i th in  each 
com bination . T -v a lu e s  w ere de term ined , and th e  r e l a t i v e  
d i f f e r e n c e  s t a t i s t i c s  and s e a w ere  c a l c u l a t e d .  These d a ta  
p ro v id e  in fo rm a tio n  abou t th e  e f f e c t s  of model m i s s p e c i f l c a t io n ,  
p a ram e te r  e s t im a te  b ia s ,  and th e  r e s u l t a n t  g o o d n e s s - o f - f i t  of th e  
model. In a d d i t io n ,  th e  f r e q u e n c y  of im proper s o l u t i o n s  and 
nonconvergence were examined. The r e s u l t s  a r e  p re s e n te d  f o r  each  
model s e p a r a t e ly .
R e s u l t s  f o r  Model 1A
Model 1A c o n ta in s  an e r r o r  of om iss ion  between th e  exogenous 
v a r i a b l e  and th e  endogenous v a r i a b l e  ( th e  v a r i a b l e  
th e n  becomes t h e  exogenous £ g . )  Ih g e n e ra l ,  t h e  b e h a v io r  of
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th e  sample s t a t i s t i c s  was t h e  same f o r  b o th  sample s i z e s  in 
q u e s t io n ,  The t r u e  and ave rage  p a ram ete r  e s t im a te s  and r o o t  mean 
s q u a re  e r r o r s  f o r  t h i s  model a r e  p re s e n te d  in  T ab les  4 and 5, as
w e ll  as t h e  r e l a t i v e  d i f f e r e n c e  s t a t i s t i c s  and se<j. The 
model g o o d n e s s - o f - f i t  was a f f e c t e d  by t h i s  m i s s p e c i f l c a t i o n  e r r o r  
as i n d i c a t e d  by th e  ave rage  x 2 v a lu e s  of 112.69 (p= .00)and  
210,70 (p= .00) w i th  16 d eg ree s  of freedom, f o r  N=100 and N=200 
r e s p e c t i v e l y ,  The x 2 f o r  N=20Q ranged  from  186,07 (p=,00) to  
310.79 (p=. oo) .  There w ere no ca se s  in  w hich th e  x 2 v a lu e  
was l e s s  th a n  th e  c r i t i c a l  v a lu e  of 26.30 (p = .0 5 ) .  Thus a l l  
r e p l i c a t i o n s  would have been c o n s id e re d  a poor f i t .  F o r  N=100, 
x2 ranged  from  65.19 ( p r . o o )  t o  172.59 (p = .0 0 ) .  Thus a l l  
r e p l i c a t i o n s  would be c o n s id e re d  a poor f i t .
The b ia s  of t h e  s t r u c t u r a l  p a ram e te r  e s t im a te s  (0 and 
y )  was n e g l i g i b l e .  However, many of th e  s ta n d a r d  e r r o r s  of 
th e  p a ra m e te r  e s t im a te s  w ere a f f e c t e d .  The d i f f e r e n c e  s t a t i s t i c  
se^  i n d i c a t e s  t h a t  many of th e  s ta n d a rd  e r r o r s  a r e  u n d e re s t im a te d  
f o r  s t r u c t u r a l  pa ram ete rs  and o v e re s t im a te d  f o r  f a c t o r  load ings  
and e r r o r s  of measurement.
The m o d i f i c a t io n  in d ic e s  (MI) show t h a t  Xy32  sh o u ld  a l s o  
load  on t h e  f i r s t  exogenous v a r i a b l e  e 1( and Xx l l  shou ld  
a l s o  load on th e  second exogenous v a r i a b l e  eg (average  MI=
22 .85  and 9 .32  r e s p e c t i v e l y  f o r  N=100, and ave rage  MI= 45.21 and 
18.07 r e s p e c t i v e l y  f o r  N=200). F o r  N=200, t h e  "maximum 
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X2 = 210.70 With 16 df (p-.OO)
Humber of converged r e p l ic a t io n s  = 305 
Number of nonconvergent so lu t ions  = 22
Number of improper so lu t ions  = 26
x f a c to r  loadings of 1.0 are f ixed fo r  manifest var iab les  
xx indicates  a r e l a t i v e  d i f fe rence  less  than 107.
TABLE 4. RESULTS FOR MODEL 1A N=200
89
A
PARAMETER u> u se KMSE t ud sed
xyl 1 1 .0*
Xy^l .9 .905 .035 .038 24.0 -KK —
Xx32 1.0
xx42 .7 .704 .086 . 120 6.2 - 38
xy52 l.C)
xy62 ,6 .800 .041 .048 16.7 — 16
Xx l l 1.0
Xx21 .9 .906 .066 .099 9.9 - 47
p21 .7 .744 .074 . 050 17. 1 - -34
Pia .5 .496 . 187 .093 6.9 - -48
Vn . 6 .690 .354 .208 4.5 14 -41
V22 .5 .449 .110 .085 5.7 - -28
f l i .9 .904 . 146 . 162 5.6 - -
- .780 - .163 4.9 - -
.5 .703 .295 .620 2.8 40 I l l
*22 . 1 .098 .046 .054 1.8 - 16
ee i i . 1 . 102 .038 .036 2.8 - -
ee22 .2 . 197 .042 .072 3.0 - 66
e<333 . 1 .085 .050 . i l l 1 . 1 -12 121
e<544 .4 .389 .063 .074 5.3 - 18
ec55 . 1 , 102 . 040 .038 ■ 2.7 _ -
0e66 .3 .294 .049 .048 6. 1 - -
e611 . 1 .096 .040 . 080 1.4 - 99
e<522 .2 , 201 .029 .049 4.3 687
X2 = 112.09 with 16 df (p= .00)
Number of converged re p l ic a t io n s  = 306
Humber of nonconvergent so lu t ions  = 44
Number of improper so lu t ions = 29
# f a c t o r  loadings of 1.0 are fixed f o r  manifest va r iab les  
** indicates  a r e l a t i v e  d i f fe rence  less  than 10'/
TABLE 5. RESULTS K>H MODEL 1A N=100
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m i s s p e c i f i c a t i o n s  w i th  t h e  f i r s t  f a c t o r  lo a d in g  in d i c a te d  in  94K 
of th e  r e p l i c a t i o n s  and th e  second f a c t o r  lo a d in g  in d i c a te d  in  
th e  o t h e r  6*. C le a r ly  th e  m o d i f i c a t io n  in d ic e s  s ig n a l  t h a t  t h e r e  
i s  some r e l a t i o n s h i p  between th e  two exogenous v a r i a b l e s ,  which 
is  e x a c t l y  th e  c a se  in  th e  p o p u la t io n  model. Because th e  second 
exogenous v a r i a b l e  $2  i s  a c t u a l l y  an endogenous v a r i a b l e  in 
th e  t r u e  model, t h e r e  i s  no m o d i f i c a t io n  index w hich  w i l l  
s p e c i f i c a l l y  r e f l e c t  th e  need  t o  add th e  d e l e t e d  p a th .
R e s u l t s  f o r  Model IB
Model IB om its  a p a th  from  one endogenous v a r i a b l e  t o  
a n o th e r .  F or  N=100 and N=200, s e v e re  m in im iz a t io n  problems 
o c c u r re d .  F or  597 and 600 r e p l i c a t i o n s  r e s p e c t iv e l y ,  291 
nonconverged s o lu t i o n s  (a p p ro x im a te ly  48*) were produced f o r  each 
le v e l  of sample s i z e .  The av e ra g e  x2 f o r  t h e  converged 
s o l u t i o n s  was 28 .18  (p= .03) and 41 .55  (p=.00), r e s p e c t i v e l y .  For 
N= loo  th e  x 2 was le s s  th a n  th e  c r i t i c a l  v a lu e  of 26.30
(p= .05) in  46Z of th e  r e p l i c a t i o n s .  F or  N=200, a  good f i t  was
in d ic a te d  in  o n ly  12Z of t h e  r e p l i c a t i o n s .  The r e s u l t s  a r e
p r e s e n te d  in  T ab le s  6 and 7.
A lthough  th e  f a c t o r  lo a d in g s  and th e  s ta n d a rd  e r r o r s  of th e  
f a c t o r  lo a d in g s  were n o t  a f f e c t e d  by t h e  model m i s s p e c i f i c a t io n ,  
th e  s t r u c t u r a l  p a ram e te r  e s t im a te s  (p13 and p31 were
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A
PARAMETER 01 0) se EMSE t wd s e d
xy i l 1 . 0 *
xy2 i .9 . 900 .024 .025 36 .8 — K * -
xy32 1 . 0
xy42 .7 .699 .061 .064 1 1 . 0 “ —
xy53 1 . 0
xy63 . 8 .802 .029 .029 27 .4 “ —
Xx i i 1 . 0
Xx 2 i .9 .915 .046 .048 19 .4 “* —
Pl3 .5 2.040 . 187 9.298 4 .7 309 4872
£*31 .7 1.060 .052 .042 25. 9 51 - 2 0
*11 . 6 -1 ,4 6 0 .249 11.260 - 2 .5 -343 4421
*81 . 8 .844 .050 .046 17. 1 - -
n i .9 .862 . 103 . 101 8 . 6 - -
■̂ 11 .5 4.240 .208 67.664 1 . 0 748 32430
V22
-i. c. .166 .043 .048 3 .4 -17 11
*33 . 1 .2 2 0 .033 .055 3 .9 119 67
0e i i . 1 .099 ,027 .027 3 .7  t - -
0e 22 *■ f£ .199 ,028 .028 6 .9
><_ -
0 e33 . 1 .098 .036 .044 2 .3 - 22
e £44 . 4 .399 .044 .053 8 .9 - 20
e £55 .1 . 109 .028 .029 3 .7 - -
e £66 ,3 .303 .034 .035 8 . 6 - -
0611 . 1 . 127 .028 .027 4 .9 27 -
e 822 .2 .204 .029 .028 7 .2
x 2 = 41. 55 w i th 16 df (p= .00)
Number of converged r ep l ic a t io n s = 306
Number of nonconvergent so lu t ions = 291
Number of improper so lu t ions = 7
# f a c to r  loadings of 1.0 are f ixed  fo r  manifest var iab les  
** indica tes  a r e l a t i v e  d i fference  less than 10'/.
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,801 .041 .042 19.5
*X21 .9 .918 .066 .068 13.6 — -
P13 .5 1.780 .265 27.370 3.4 256 10226
031 .7 1.070 .074 . 060 18.2 52 -17
V n .6 -1.120 .354 35.001 -1.7 -287 9787
V2l . 8 .855 .071 .070 12.3 - -
t i l .9 .856 . 146 . 142 6.0 - -
^11 .5 12.804 .295 79.366 .7 2461 26804
^22 .2 . 158 .061 .067 2.3 -21 -
^33 .1 .230 .046 .082 2.8 129 78
0e l l . 1 . 101 .038 .039 2.6 - -
0e22 .2 .167 .040 .041 4.9 - -
0e33 . 1 .095 .050 .062 1 . 6 - 24
0e44 .4 .46)6 .063 .064 6.3 - -
0e55 . 1 .110 .040 .042 2.6 - -
0e66 .3 .299 .049 .050 6.0 - -
0<511 . 1 . 125 .040 .035 3.5 25 -12
0622 . 2 .212 .042 .041 5.2 - -
X2 = 28.18 with 16 df (p=.03)
Number of converged r e p l ic a t io n s  = 309 
Number of nonconvergent so lu t ions  = 291 
Number of improper so lu t ions  = 9
# f a c t o r  loadings of 1.0 are f ixed f o r  manifest va r iab les  
k* ind ica tes  a r e l a t i v e  d i f fe rence  less  than 10*
TABLE 7. RESULTS FOR MODEL IB N=100
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la rg e r ,  y ^  was s m a l le r )  and th e  V e s t im a te s  were 
s e v e r e l y  a f f e c t e d ,  in c re a s e d  by an ave rage  of 4256H f o r  
N=200 and 5954H f o r  N=loo. The s ta n d a rd  e r r o r s  were a l s o  
a f f e c t e d ,  a l th o u g h  n o t  always in  th e  same d i r e c t i o n .
The m o d i f ic a t io n  in d ic e s  f l a g  a s t r u c t u r a l  m i s s p e c i f i c a t i o n ,  
b u t  t h e  h ig h e s t  average  m o d i f i c a t io n  index was 7 .8 3  (N=100) and 
14.75 (N=200) f o r  p12 r a t h e r  th an  832 , t h e  a c tu a l  m iss in g  
p a th .  F o r  th e  l a r g e r  sample s iz e ,  p 12 was in d i c a te d  in  72% 
of th e  r e p l i c a t i o n s  w h i le  832  was in d i c a te d  in  l e s s  th a n  10Z,
For N=iOO, P12 was in d i c a te d  a t  a r a t e  of 60?.. In o th e r  
words, t h e  r e s u l t s  showed t h a t  and 113 shou ld  be 
r e l a t e d ,  bu t  op ted  f o r  an i n d i r e c t  r e l a t i o n s h i p  th ro u g h  
r a t h e r  th a n  f o r  a d i r e c t  r e l a t i o n s h i p .
R e s u l t s  f o r  Model 1C
Model 1C c o n ta in s  th e  om ission  of a  r e c i p r o c a l  p a th  between 
nii and ti3 . As f o r  Model 1A, th e  r e s u l t s  were v e ry  
s i m i l a r  f o r  th e  two sample s i z e s .  A n a ly s is  of 350 sample 
c o v a r ia n c e  m a t r ic e s  y ie ld e d  350 converged s o l u t i o n s  f o r  each 
sample s i z e .  The r a t e  of im proper s o lu t i o n s  was v e ry  low, 5X f o r  
N=200 and 6Z f o r  N=100. P a ram e te r  e s t im a te s  were n o t  b ia s e d  w i th  
th e  e x c e p t io n  of y^ j and th e  v a r ia n c e  te rm  (b o th  a re  



























X 2 = 23.69 with 16 df (p=.10)
U) U) se RMSE t wd s e d
1 .Ox
.9 .900 .024 .024 37 .2 -
1 . 0
.7 .687 .061 .061 1 1 .4 - -
1 . 0
. 8 .801 .029 .029 27 .9 - -
1 . 0
.9 .908 .046 .047 19.8 -
.5 .416 .083 1.059 7 .0 -17 -28
.7 .762 .052 .034 24.3 - -38
. 6 1.260 .249 .098 12.9 109 -60
. 8 .812 .050 .050 16.5 - -
.9 , 887 . 103 . 102 8.7 - -
.5 1.238 .208 . 145 8 . 6 148 -31
. 2 .208 .043 .045 4 .6 - -
.1 .099 .033 .031 3.1 - -
. 1 .097 .027 .027 3 .6 - -
. 2 .199 .028 .029 7 .0 - -
. 1 .081 .036 .037 2.3 -19 -
.4 .406 .044 .045 9 .0 - -
. 1 .099 .028 . 029 3 .5 - -
.3 .299 .034 .035 6.7 - -
. 1 . 108 . 028 .026 4.1 - -
.2 .196 .029 .028 6.9 - -
Number of converged re p l ic a t io n ?  = 350 
Number of nonconvergcnt so lu t ions  = 0
Number of improper so lu t ions  = 17
* f a c to r  loadings of 1.0 are f ixed fo r  manifest  var iab les
** indicates  a r e l a t i v e  d i f fe rence  less  than ioz
TABLE 8. RESULTS FX)R MODEL 1C Nr 200
A
PARAMETER w u se RMSE t
Xyj 1 1.0*t *xy21 .9 .904 .035 .035 26.4 -x X
xy32 1.0
Xy42 .7 .690 .086 .087 8.1 -
Xy53 1.0
xy63 .8 . 800 .041 .041 19.8 -
Xxl 1 1.0 '
xX21 .9 .906 .066 .066 14.0 -
P31 .7 .764 .074 .045 17.1 -
P32 .5 .416 .118 .086 4.9 -17
Yll . 6 1.250 .354 . 139 9.2 110
V21 .8 .810 , 071 . 070 11.8 -
1’U .9 .890 . 146 . 146 6.1 -
v u .5 1.200 . 295 .199 6. 1 140
^22 .2 .201 .061 .063 3.2 -
N'33 . 1 .099 .046 .044 2.2 -
ee 11 . 1 .096 .038 .037 2.6 -
^£22 . 2 . 197 . 040 . 040 4.9 -
ee33 . 1 . 080 .050 . 052 1 .6 -20
ee44 .4 .396 . 063 .063 6.4 -
ee55 . 1 .097 .040 .039 2.5 -
66 .3 .295 .049 .046 6.1 -
e3 i i . 1 . 106 . 040 .037 2.9 -
ea22 . 2 . 200 .042 . 040 5.0
*2 = 18. 52 With 16 df (p=.30)
Number of converged r e p l ic a t io n s  = 350
Number of nonconvergent so lu t ions  = 0
Number of improper so lu t ions = 21
k f a c to r  loadings of 1.0 are f ixed f o r  manifest  var iab le  
#h indicates  a r e l a t i v e  d i f fe ren ce  less  than 10*
TABLE 9. RESULTS FOR MODEL 1C N=100
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The o v e r a l l  r e s u l t a n t  f i t  of th e  m i s s p e c i f l e d  model was q u i t e  
good. The average  x 2 f o r  N=iOO was 1 8 ,5E (p= .30) and f o r  
N=200 was 23 .69  ( p - .1 0 )  w i th  16 d eg rees  of freedom . These 
ave rages  w ere b o th  lower th a n  th e  c r i t i c a l  v a lu e  of 26 .30  
(p=,0 5 ) .  F o r  t h e  s m a l le r  sample s iz e ,  th e  r e s u l t a n t  x2 
In d ic a te d  a good f i t  in  B0/! of th e  r e p l i c a t i o n s .  F o r  th e  l a r g e r  
sample s iz e ,  th e  x 2 in d i c a te d  a good f i t  m  70z of th e  
r e p l i c a t i o n s .
The maximum average  m o d i f i c a t io n  Index was 4 .22  and 2 .39  f o r  
N=200 and N 'lo o  r e s p e c t i v e l y .  These v a lu e s  in d i c a te d  t h a t  a 
r e c i p r o c a l  p a th  sh o u ld  be added between t )2 and 113, r a t h e r  
th an  th e  a c tu a l  r e c i p r o c a l  p a th  t h a t  was d e l e t e d .  The 
m o d i f i c a t io n  in d ic e s  c o r r e c t l y  f la g g e d  6*3  a s  t h e  m iss in g  
p a th  o n ly  20v, of t h e  t im e ,  Thus c o r r e c t  r e s p e c i f i c a t i o n  would be 
improbable, due n o t  o n ly  t o  t h e  i n c o r r e c t  maximum MI bu t  a l s o  t o  
th e  low v a lu e s  of th e s e  in d i c e s .
R e s u l t s  f o r  Model 2A
Model 2A c o n ta in s  an a d d i t i o n a l  p a th  731  between an 
exogenous v a r i a b l e  and an endogenous v a r i a b l e .  The r e s u l t s  a r e  
shown in  T ab les  10 and l i .  F o r  N=200, th e  a n a l y s i s  of 339 sample 
c o v a r ia n c e  m a t r ic e s  y ie ld e d  312 a c c e p ta b le  r e p l i c a t i o n s  and 27 
nonconvergen t s o lu t i o n s .  The r a t e  of im proper s o l u t i o n s  was on ly
97
A
PARAMETER 10 w se RMSE t u>d sed
*yl l 1.0*
xy21 .9 .699 .024 .024 37.1 * “*# -
*y32 1.0
Xy4g .7 .700 .061 .062 11.3
xy53 1.0
*y63 .0 .799 .029 .029 28.1 “ —
^xll 1.0
^ l .9 .901 .046 .047 19. 6 — -
p32 .5 .559 .083 . 159 3.9 11 91
031 .7 . 687 .052 .074 11.1 “ 42
Pi 3 .5 .445 . 187 .320 2.8 -10 71
Vi 1 .6 . 674 .249 .667 2.0 - 248
Y31 - -.033 - . 158 -.1
Y21 .6 .797 .050 .050 16.1 - -
'Pi 1 .9 .899 , 103 . 103 8.7 - -
Vll .5 .687 .208 5.900 2.3 37 2736
^22 .2 .205 .043 .046 4.2 - 13
^33 . 1 . 106 .033 .090 2.4 - 173
e€l l , 1 .097 .027 .027 3.6 -
ee22 .2 . 200 .028 .029 7.0 - -
ee33 . 1 .096 .036 .040 2.5 - 12
e£44 .4 .402 .044 .044 9.0 - -
ee55 . 1 .097 .026 .029 3.5 - -
ee66 .3 .297 .034 .034 8.7 - —
©oil ,1 .096 .028 .026 3.5 - -
e822 ,2 .197 .029 .029 6.8
y.2 = 17,.37 With 14 df (p=.24)
Number of converged r e p l ic a t io n s  = 312
Number of nonconvergent so lu t ions  = 27
Number of improper so lu t ions : 10
* f a c to r  loadings of 1.0 are f ixed f o r  manifest  va r iab les  
#* ind ica tes  a r e l a t i v e  d i f fe rence  less  than 1CW
TABLE 10, RESULTS FOR MODEL 2A N=200
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A
PARAMETER 0) u se RMSE t W,j s e d
xy i l 1 ,0 k
*>'21 .9 .905 .035 .035 26.3
xy32 1 .0
xy42 .7 .699 .086 .088 8 .0
xy53 1 .0
.799xy63 .8 .041 .042 19.9 —
xXll 1 .0
Xx21 .9 .901 .066 .066 13.8 - -
P31 .7 . 690 .074 . 130 7 .4 " 76
p32 .5 .560 . 110 .335 2 .6 12 184
>11 . 6 .790 .354 7 .506 1.3 32 2020
>21 .8 .796 .071 .071 11 .4 - -
>31 - - .0 3 3 - .246 - .0 2 - -
m .9 , 903 . 146 .146 6.3 - -
'p'n .5 1.230 .295 34.275 1. 6 145 11518
4f22 .2 .201 .061 . 681 2 .9 - 12
^33 . 1 , 106 ,04b .087 1. 6 - 89
e£ l l . 1 .097 .038 .037 2 .6 -
ee22 .2 . 197 . 040 . 040 4 ,9 - -
0e33 . 1 .093 . 050 .057 1.7 - 14
0e44 ,4 .394 .063 .062 6 .4 - -
0e55 . 1 .094 . 040 .039 2 .4 - -
ee66 .3 .296 .049 .048 6.1 - -
e<511 . 1 .095 .040 .039 2 .4 - -
0<322 .2 .202 .042 . 041 4 .9
X£ = 14. 88 w i th 14 df (p= .40)
Number of converged r e p l ic a t io n s  = 324 
Number of nonconvergent so lu t ions  = 26
Number of improper so lu t ions  = 17
* f a c t o r  loadings of 1.0 are fixed f o r  manifest  va r iab les
** ind ica tes  a r e l a t i v e  d i f fe rence  less  than 1C>*
TABLE 11. RESULTS FOR MODEL 2A N-100
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3z . F or  N=100, 350 sample m a t r i c e s  y ie ld e d  324 a c c e p ta b le  
s o lu t i o n s  and 26 nonconvergen t s o l u t i o n s .  T here  w ere 17 
s o l u t i o n s  ) t h a t  c o n ta in e d  Heywood c a s e s .
P a ram e te r  e s t im a te s  were n o t  b ia s e d  by t h i s  model 
m i s s p e c i f l c a t i o n .  F a c to r  lo a d in g s  were a lm os t i d e n t i c a l  t o  th e  
p o p u la t io n  v a lu e s ,  and th e  s t r u c t u r a l  p a ra m e te r  e s t im a te s  a l s o  
showed l i t t l e  v a r i a t i o n .  However, s ta n d a rd  e r r o r s  f o r  most of 
th e  s t r u c t u r a l  e s t im a te s  were c o n s i s t e n t l y  i n f l a t e d ,  th u s  
r e n d e r in g  t - t e s t s  m is le a d in g  in  some c a s e s .
F or  th e  e r ro n e o u s ly  in c lu d ed  p a th  y31, t h e  av e ra g e  t - t e s t  
c o r r e c t l y  in d i c a te d  n o n - s ig n i f i c a n c e ,  t= - . 0 2  f o r  N=100 and - . 1  
f o r  N=200. However, c o r r e c t l y  r e s p e c i f y in g  t h e  model may be more 
d i f f i c u l t  th a n  in s p e c t io n  of th e  average  t - v a l u e s  would i n d i c a t e .  
A lthough  th e  average  v a lu e s  i n d i c a t e  s i g n i f i c a n c e  f o r  a l l  
p a ram e te r  e s t im a te s  b u t  th e  e r r o r  of in c lu s io n ,  th e  
o v e re s t im a t io n  of th e  s ta n d a r d  e r r o r s  f o r  many of t h e  pa ram ete rs  
c o n s i s t e n t l y  u n d e re s t im a te s  th e  v a lu e  of t ,  Thus th e  p r o b a b i l i t y  
of o b ta in in g  an i n s i g n i f i c a n t  t - v a l u e  f o r  a c o r r e c t l y  s p e c i f i e d  
p a ram e te r  f o r  any one a n a l y s i s  in c re a s e s .  F or  example, th e  
v a lu e s  of th e  t - s t a t i s t i c  f o r  0*3  range  from - .6 2 3  to  10.47 
w i th  40* of th e s e  v a lu e s  f a i l i n g  t o  r e a c h  th e  .05 s ig n i f i c a n c e  
l e v e l .  An u n su sp e c t in g  r e s e a r c h e r  may re a c h  t h e  c o n c lu s io n  t h a t  
such  a p a th  sh o u ld  a l s o  be e l im in a te d  from  th e  model.
in  g e n e ra l ,  t h e  o v e r a l l  f i t  of th e  model was r e l a t i v e l y  good. 
For  N=100, th e  model would have been acc e p te d  as p l a u s i b l e  in
100
9 1 ,3'/- of t h e  r e p l i c a t i o n s  (x2^  <jf=23.6B, p = ,0 5 ) .  The ave rage  
x 2 was i* i,88 (p= ,40) w i th  v a lu e s  ran g in g  from  1 .93  (p = i ,0 )  to  
36 .78  (p = .0 0 ) .  F or  N=200, th e  model would have been acc e p te d  in  
6 2 .7‘/> of th e  r e p l i c a t i o n s .  The v a lu e  of x2 ranged  from  4.67 
(p= .99) t o  99 .36  (p=.0 0 )  w i th  an average  v a lu e  of 17.37 (p= .2 4 ) .
R e s u l t s  f o r  Model 2B
Model 2B in c lu d e s  t h e  p a th  p^g s p e c i f y in g  an e f f e c t  from  
Tjg t o  n j .  F o r  t h i s  m is s p e c i f  i  c a t  ion, p a ram e te r  e s t im a te s  
were u n b ia se d .  F or  N=200, o n ly  3 e s t im a te s  showed d e v ia t io n  from  
th e  t r u e  va lue , and f o r  N=loo o n ly  2 e s t im a te s  w ere r e l a t i v e l y  
d i f f e r e n t .  The s ta n d a rd  e r r o r s  of t h e  e s t im a te s  d id  show a 
g r e a t e r  te n d en cy  to  be b ia s e d .  Ho s ta n d a rd  e r r o r  was 
u n d e re s t im a te d ,  b u t  o v e r e s t im a t io n  ranged  from  17Z to  59X f o r  
N=200 and from  51* t o  132t  f o r  N=200. C o n s id e ra b ly  more s ta n d a rd  
e r r o r s  were o v e re s t im a te d  f o r  t h e  s m a l le r  sample s i z e ,  A summary 
of th e  r e s u l t s  i s  p re s e n te d  in  T ab les  i2  and 13.
The av e ra g e  x 2 f o r  H=200 was 18.07 (p= .20), and f o r  N=100 
x2 = 15 .55  (p = .3 4 ) .  The model c o n ta in e d  14 d eg ree s  of 
freedom . Under b o th  sample s i z e s ,  th e  model was deemed an 
a c c e p ta b le  f i t .  The v a lu e s  f o r  x2 ranged  from  4 .75  (p= .99) 
t o  124.51 (p= .00) f o r  N=200 and from  5 .27  (p= .96) to  38.52  
(P=.00) f o r  N= 100. F or  t h e  l a r g e r  sample s iz e ,  th e  x 2 was
101
A
PARAMETER u> u> se RMSE t s e d
^yi i 1 . 0 k
xy 21 .9 .899 .024 .024 3 7 .4 “ XX -
xy32 1 . 0
>,y42 .7 .706 .061 .061 1 1 . 6 “
Ay53 1 . 0
xy63 . 8 .BOO .029 .029 27 .9 “
^Xll 1 . 0
Xx 21 .9 .899 .046 .046 19 .5 — —
f*32 .5 .536 .083 . 144 4 .4 - 73
P31 .7 .710 .052 .061 13 .4 - IB
Pi 3 .5 .399 .187 .207 2 . 6 “ 20 -
P l 2 - - .0 3 5 - . 125 - . 2 - -
*11 . 6 ,733 .249 .292 3 .7 22 17
y2 i . 8 . B02 ,050 .050 16.2 - -
t i i .9 .910 ,103 . 104 B. 7 - *
Nfl 1 .5 . 672 .208 .367 3 .2 34 77
'tf22 . 2 . 2 0 0 .043 .047 4 .2 - -
r ;>3 . 3 . 094 .033 . 043 2 .4 - 31
t!e l l . 1 .099 .027 .027 3,7 - -
ee 22 . 2 .197 .028 .029 7 .0 - -
6 e33 . 1 .099 .036 .039 2 , 6 - -
ee44 .4 .400 .044 .044 9 .0 - -
ee55 .1 .104 ,028 .029 3 .7 -
e t 66 .3 .302 .034 .035 8.7 - -
e611 .1 .098 .028 .026 3 .5 - -
9.322 . 2 , 205 .029 ,030 6 .9 — —
" 2  ; 18,,07 with 14 df {p=.20
Number of converged r e p l ic a t io n s  = 329
Number of nonconver gent so lu t ions  = 14
Number of improper so lu t ions = 8
x f a c t o r  loadings of 1.0 are f ixed  f o r  manifest va r iab les  
*« ind ica tes  a r e l a t i v e  d i f fe rence  less  than loz






















.799 .041 .042 19 .6
Xx21 .9 .896 .066 .066 13.8 - -
031 .7 .686 .074 . 141 7 .7 - 90
032 .5 .603 .118 .325 2 .8 20 176
012 - - .0 5 8 - .240 - . 1 - _
013 .5 .453 .265 .672 2 .4 - 153
Y ll .6 .649 .354 .932 1.3 - 163
Y21 .8 .794 .071 .077 11.3 - -
m .9 .908 . 146 .146 6 .2 - -
V ll .5 .629 .295 1. 670 1.7 26 466
.2 . 198 .061 .066 2 .9 - -
^33 .1 .096 .046 '. 074 1 .4 - 62
e e l l .1 .099 .038 .037 2 .6 - -
e e22 .2 . 195 . 040 .039 4 .9 - -
e e33 . 1 . 103 .050 .055 2 .0 - -
e e44 .4 .390 .063 .063 6.3 - -
e e55 . 1 . 102 .040 .039 2 .6 - -
e £66 .3 .296 .049 .048 6.1 - -
0<511 .1 .089 .040 . 040 2 .3 - -
0<J22 .2 .205 .042 .042 4 .9 - -
X2 = 15.55 With 14 df (P=.34)
Number of converged r e p l ic a t io n s  = 306 
Number of nonconvergent so lu t ions  = 44
Number of improper so lu t ions  = 5
* f a c to r  loadings of 1.0 are f ixed  fo r  manifest  va r iab les  
xx ind ica tes  a r e l a t i v e  d i f fe rence  less  than 10Z
TABLE 13. RESULTS FOR MODEL 2B N=100
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le s s  th a n  th e  c r i t i c a l  v a lu e  (x2 i 05 , 14 df =23.60) 
a p p ro x im a te ly  61/ of t h e  t im e .  For N=100, 92/ of th e  
r e p l i c a t i o n s  had a  good f i t .
The ave rage  t - v a i u e s  f o r  t h e  e r r o r  of in c lu s io n  w ere -0 .1  
were n o t  s i g n i f i c a n t  f o r  95/ of th e  r e p l i c a t i o n s .  F o r  N=200, a l l  
o th e r  e s t im a te s  were s i g n i f i c a n t ,  T h is  would seem t o  i n d i c a t e  
t h a t  c o r r e c t  r e s p e c i f i c a t i o n  of th e  model m igh t he r e l a t i v e l y  
s t r a i g h t f o r w a r d .  F or  N=10D, however, t h e  t - v a l u e s  f o r  y j j  
and ^ 3 3  w ere a l s o  i n s i g n i f i c a n t  d e s p i t e  th e  f a c t  t h a t  th e s e  
pa ram ete rs  a r e  s i g n i f i c a n t  in  th e  p o p u la t io n .  Such m is le a d in g  
r e s u l t s  would make th e  c o r r e c t  r e s p e c i f i c a t i o n  much more 
d i f f i c u l t .
R e s u l t s  f o r  Model 2C
Model 2C d i f f e r s  from th e  p o p u la t io n  model by th e  in c lu s io n  
of a r e c i p r o c a l  p a th  6 3 3 . In  t h i s  model, two r e c i p r o c a l  o r  
n o n re c u r s iv e  p a th s  a re  e s t im a te d ,  and t h e r e  a r e  f o u r  p 
param eters , t o  be e s t im a te d  among th e  t h r e e  endogenous v a r i a b l e s .  
While t h e  problems of nonconvergence w ere f r e q u e n t ,  th e y  were n o t  
as s e v e re  as f o r  Model IB, A pprox im ate ly  35/ of t h e  sample 
c o v a r ia n c e  m a t r ic e s  an a ly zed  r e s u l t e d  in  nonconvergen t s o l u t i o n s .
T ab les  14 and 15 show th e  r e s u l t s  of th e  s tu d y  f o r  Model 2C. 






















.789 .029 .029 27 .2
Xx21 .9 • .909 .046 .047 1 9 .4 - -
P32 .5 .561 .063 505.733 1 .4 12 609216
P31 .7 .665 .052 442 .304 2 .3 - 850484
Pi 3 .5 .493 . 187 424.549 1 .9 - 226932
P23 - - .0 5 9 - 451.411 - . 2 - -
V ll . 6 .591 .249 507.348 . 1 - 203654
V21 .8 .883 .050 463.166 1.7 - 926232
4*11 .9 .903 . 103 .102 8 .8 - -
Vl 1 .5 . 697 .206 452.821 .9 40 217602
■̂ 22 .2 .260 .043 450.915 1 .0 30 1046541
V33 . 1 . 127 .033 365.685 .8 27 1108036
®el 1 . 1 .094 .027 .028 3 .5 - -
0e22 .2 . 195 .028 .028 6 .9 - -
0e33 . 1 , 101 .036 .041 2 .5 - 13
0e44 .4 .406 .044 .045 8 .9 - -
a e55 . 1 . 107 .028 .029 3 .6 - -
9e 66 .3 .302 .034 .035 8 .7 - -
P o l l , 1 .087 .028 .029 3.1 -12 -
e 62 2 .2 .213 ,029 .031 6 .9 - -
X2 = 14.21 w i t h  14 d f  ( p = . 4 3 )
Humber of converged r e p l ic a t io n s  = 304 
Humber of nonconvergerit so lu t ions  = 176 
Number of improper so lu t ions  = 0
* f a c to r  loadings of 1.0 are fixed f o r  manifest va r iab le s  
*x indicates  a r e l a t i v e  d i f fe rence  less  than 10*
TABLE 14. RESULTS FOR MODEL 2C Nr 200
A
PARAMETER 10 U) se RMSE t wd s e d
XyH 1 . 0 *
Xy21 .9 .887 .035 .033 26 .9
xy32 1 , 0
xy42 ,7 .757 .086 .074 1 0 . 2 “ -14
xy53 1 . 0
xy63 . 8 .793 .041 .034 23.3 -16
Xx l l 1 . 0
Xx 21 .9 .912 .066 .055 16.5 - -16
?31 .7 .537 .074 169.758 2 . 1 -23 256329
P32 .5 .801 .118 205.678 2 . 6 - 168786
Pl3 . 5 .760 .265 8,710 4 .6 52 3188
P23 - 162 - 50.856 -  . 8 - -
Y ii . 6 . 159 .354 85.952 -  .4 -74 24180
Y21 . 8 1 . 0 1 0 .071 119.909 3 .3 26 168786
t i l .9 1.070 . 146 . 167 6 .4 19 14
V11 .5 .414 .295 122.961 2 . 0 -17 41582
V22 .2 .276 .061 218.805 1 . 2 38 358596
V33 . 1 . 191 .046 252.769 .9 91 549398
9e l l . 1 .058 .038 .037 1 . 6 -42 -
0e22 ,2 .233 .040 . 044 5 .3 17 -
9e33 . 1 .104 ,050 .047 2 . 2 - -
0 e44 ,4 .325 ,063 .053 6 . 2 -19 -16
0 e55 . 1 .096 . 040 .034 2 . 8 - -15
ee 66 .3 .218 . 049 .037 6 . 0 -27 -25
e<511 , 1 .067 .040 .036 2 .4 -13 -
e<522 . 2 . 173 .042 . 037 4. 6 -14 -11
x2 = 15. 20 With 14 df (p= .36)
Number of converged r e p l i c a t i o n s = 300
Number of nonconvergen t s o l u t i o n s = 187
Number of im proper s o l u t i o n s : 0
* f a c t o r  lo a d in g s  of i .O  a re  f i x e d  f o r  m a n if e s t  v a r i a b l e s
** i n d i c a t e s  a r e l a t i v e  d i f f e r e n c e  l e s s  th a n  loz
TABLE 15, RESULTS FOR MODEL 2C N-lOO
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f o p  t h e  s t r u c t u r a l  p a ram e te rs  and f o r  t h e  V m a t r ix  was 
s e v e re .  In a d d i t io n ,  t h e  p a ra m e te r  e s t im a te s  them se lves  were 
f r e q u e n t l y  b ia s e d  f o r  N=i00. These e s t im a te s  showed no 
c o n s i s t e n t  p a t t e r n  of b ia s ,  b e in g  somewhat randomly 
u n d e re s t im a te d  o r  o v e re s t im a te d .  F or t h i s  model (N=100), even 
th o s e  e s t im a te s  and s ta n d a rd  e r r o r s  a s s o c i a t e d  w i th  th e  6e 
and th e  e 5 m a t r ic e s  were a f f e c t e d .  These e s t im a te s  and 
s ta n d a rd  e r r o r s  have been r e l a t i v e l y  s t a b l e  f o r  a l l  of t h e  o th e r  
models c o n s id e re d  th u s  f a r .
D e sp i te  th e s e  problems, t h e r e  were no im proper s o l u t i o n s  f o r '  
e i t h e r  sample s i z e .  T h is  f i n d i n g  i s  puzz l ing ,  as  im proper 
s o l u t i o n s  a re  u s u a l l y  more f r e q u e n t  when t h e r e  a r e  g r e a t e r  r a t e s  
of nonconvergence o r  when e s t i m a t io n  problems a re  encoun te red .
The g o o d n e s s - o f - f i t  was v e ry  h ig h  f o r  b o th  sample s i z e s ,  loox and 
97Z f o r  N=100 and N=200 r e s p e c t i v e l y .  The av e ra g e  x 2 v a lu e s  
were 15 .20  (p= ,36) and 14.21 (p= .43) w i th  14 d eg ree s  of freedom .
I n s p e c t io n  of th e  t - v a l u e s  shows t h a t  th e  e x tra n e o u s  p a th  
O23 was i n s i g n i f i c a n t  f o r  95Z of th e  r e p l i c a t i o n s  under 
n =200. F or N= loo t h e  p a th  was n o t  f la g g e d  in  60z of t h e  ru n s .  
Thus w i th  a  la rg e  sample s iz e ,  t h e  m i s s p e c i f i c a t l o n  cou ld  be 
e a s i l y  c o r r e c t e d .  The b i a s  of th e  s ta n d a rd  e r r o r s  f o r  th e  
c o r r e c t l y  s p e c i f i e d  p a ram e te rs  i s  s e v e re  enough to  a f f e c t  th e  
v a l i d i t y  of o th e r  t - v a l u e s .  T h e re fo re  a d d i t i o n a l  p a ram ete r  
e s t im a te s  would be i n c o r r e c t l y  re g a rd e d  as  equal t o  ze ro  and 
s u b s e q u e n t ly  d e l e t e d  from  th e  model as w e l l .
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R e s u l t s  f o r  Model 3A
Model 3A in c lu d e s  s lm u la ta n eo u s  e r r o r s  of om iss ion  and 
I n c lu s io n  f o r  p a th s  le a d in g  from  an exogenous v a r i a b l e  t o  an 
endogenous v a r i a b l e .  Both  sample s i z e s  had ex trem e convergence 
problem s. F o r  N=200, 642 sample c o v a r ia n c e  m a t r i c e s  y ie ld e d  o n ly  
320 converged  s o l u t i o n s .  F o r  N=100, 636 sample c o v a r ia n c e  
m a t r i c e s  y ie ld e d  312 converged s o l u t i o n s .  More sample e s t im a te s  
showed some d eg ree  of r e l a t i v e  b i a s  f o r  N=100 th a n  f o r  N=200. 
Many of t h e  s ta n d a rd  e r r o r s  w ere a l s o  b ia se d  In e i t h e r  
d i r e c t i o n  f o r  b o th  sample s i z e s .  T ab les  16 and 17 show th e  
r e s u l t s  f o r  t h i s  model.
As f o r  Model 1A, th e  m o d i f i c a t io n  in d ic e s  f l a g g e d  th e  f a c t o r  
lo a d in g s  of Xy3 g on and Ax u  on as p e r m i t t in g  
th e  g r e a t e s t  a d ju s tm e n ts  t o  model f i t .  These average  
m o d i f i c a t io n  in d ic e s  were 56 .77  and 17.61, r e s p e c t iv e l y ,  f o r  
N=200, and 26.22 and 10.13 r e s p e c t i v e l y  f o r  N=loo. The t - v a l u e  
f o r  t h e  in c lu d ed  p a th  y g i  was i n s i g n i f i c a n t  o n ly  40* of th e  
tim e f o r  N=200, and 8BZ of th e  t im e  f o r  N=100.
The r e s u l t a n t  g o o d n e s s - o f - f i t  s t a t i s t i c s  show t h a t  th e s e  
models a re  p o o r ly  f i t t i n g  t o  th e  d a ta .  F or  n e i t h e r  sample s i z e  
was a x 2 v a lu e  lower th a n  th e  c r i t i c a l  v a lu e  of 25 .00 (p= .05) 
f o r  15 d eg ree s  of freedom . F or  H=200, x 2 ranged  from 160 .94  
(P=.00) t o  368.32 (p=.0 0 ) .  F or  N=loo, x 2 ranged  from  93.67 
(P=,00) t o  130.26 (p z .0 0 ) .  Thus th e  model would be r e j e c t e d  as
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A
PARAMETER (JLI (0 se RMSE t wd s e d
XyH 1 .Ox
xy2 i .9 .890 ,024 .028 3 2 .5 - X X —
XX32 1 . 0
Xx42 .7 .744 .061 .089 8 . 8 - 46
xy52 1 . 0
xy62 . 8 .794 .029 .033 23 .9 “ 15
Xx l l 1 . 0
xX21 .9 .922 .043 .071 14.3 - 49
P l 2 .5 .496 .187 .079 6 .9 - -57
?21 .7 . 631 .052 . 070 1 0 .4 33
V ll . 6 .400 .249 .083 5. 1 -33 - 6 6
V22 . 5 .486 .083 .073 7 .1 - -13
V21 - .156 - .071 2 . 1 - -
911 .9 .938 . 103 .119 7 .9 - 15
922 - .764 - . 114 6,7 - -
V ll .5 ,334 .206 .082 4 .4 -33 -59
V22 .1 .124 .033 .057 2 .4 24 61
Be i l .1 .099 .027 .027 3 .6 - -
0e 22 .2 .206 .028 .029 7.1 - -
B833 . 1 . 148 .036 .073 2 . 2 48 101
B<544 .4 .391 .044 .057 7.1 - 27
0 e55 . 1 .094 .028 .029 3 .3 - -
e e 66 .3 .307 .034 .035 8.7 - -
0<5ii . 1 . 101 .028 .060 2 . 0 - 114
e<522 . 2 . 190 .029 .054 3 .9 87
x 2 5 214.30 w i th 15 df (p=. 0 0 )
Number of converged re p l ic a t io n s  = 312
Number of nonconvergent so lu t ions  = 3 c ' 4
Number of improper so lu l l  ons r 2
* f a c t o r  loadings of 1.0 are f ixed  f o r  manifest va r iab les  
*x ind ica tes  a r e l a t i v e  d i f fe rence  less than lox
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t  wd s e d
23,7 -K *
6 .0 13 66
16.2 - 21
10 .5 - 44
7 .9 - 52
6 .6 15 -56
3 .8 -18 -62
5 .0 - -
.9 - -
5 .6 -18 19
4 .5 - -
2 .9 - -46
1 .4 - 65
2 .2 -18 -
5.1 - 68
2.2 99 112
4 .9 - 37
2.7 IB -
6 .2 - -
1 .5 -16 120
2 .8 - 79
x 2 = 110.04 w i th  15 df (p=.00)
Number of converged r e p l ic a t io n s  = 320 
Number of nonconvergent so lu t ions  = 322 
Number of improper so lu t ions  =■ 1
* f a c t o r  loadings of 1.0 are f ixed  f o r  manifest  va r iab le s  
#k ind ica tes  a r e l a t i v e  d i f fe rence  less  than 10^
TABLE 17. RESULTS FOR MODEL 3A N=100
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u n a c c e p ta b le  In a l l  c a s e s .
R e s u l t s  f o r  Model 3B
The p a th  p3£ was o m itte d  and th e  p a th  P*g in c lu d ed  
in  Model 3B. One m igh t e x p ec t  t h a t  such  a model would compund 
t h e  problems of Model IB in  w hich  p3£ was o m i t te d  and a lm os t 
50* of t h e  r e p l i c a t i o n s  produced nonconvergen t s o l u t i o n s .  Such 
is  n o t  t h e  case  however. For example, of th e  351 r e p l i c a t i o n s  
(11=200), o n ly  13 (o r  4*) r e s u l t e d  in  nonconvergen t s o l u t i o n s ,
S ix  (2*) of th e  a c c e p ta b le  s o lu t i o n s  c o n ta in e d  n e g a t iv e  e s t im a te s  
of v a r i a n c e s .  T ab les  IB and 19 p r e s e n t  f o r  r e s u l t s  f o r  N=200 and 
N=100 r e s p e c t i v e l y .
A verage p a ram e te r  e s t im a te s  f o r  th e  s t r u c t u r a l  pa ram ete rs  
P i 3 , p31, and were b ia s e d .  Both of t h e  B p a ram e te rs  
were o v e re s t im a te d  w h ile  Y u  was u n d e re s t im a te d ,  th e  same 
r e s u l t s  as f o r  Model IB. in  a d d i t io n ,  ^  and W33  were 
a l s o  o v e re s t im a te d .  The s ta n d a r d  e r r o r s  f o r  t h e s e  pa ram ete rs  
were c o n s i s t e n t l y  o v e re s t im a te d  w i th  t h e  e x c e p t io n  of th e  
s ta n d a rd  e r r o r  f o r  p3  ̂ which was u n d e re s t im a te d  an av e ra g e  of 
21* and 15* f o r  N=200 and N=loo. The s ta n d a rd  e r r o r  f o r  vgg 
was a l s o  o v e re s t im a te d .
The r e s u l t s  f o r  th e  t - v a l u e s  and m o d i f i c a t io n  in d ic e s  a re  n o t  
encou rag ing  in  t h a t  th e y  do n o t  I n d ic a te  th e  c o r r e c t  
r e s p e c i f i c a t i o n s  t o  be made. F o r  H=200 , t h e  t - v a l u e  f o r  Pjg
I l l
A
PARAMETER w u> se RMSE t u d s e d
V i i
*y2 l
1 , 0 k 












.9 .899 .043 .047 19 .4 - -
P l 2 _ -1 .1 5 0 = .595 - 2 . 2 - -
013 .5 2.180 , 187 .524 5 .5 336 180
031 ,7 1.071 ,052 .041 26.3 53 - 21
V ll , 6 - .6 4 3 .249 .428 - 1 . 6 -207 71
V21 .8 .801 .050 .050 16.2 - -15
<f>u .9 .911 .103 .104 8.7 - 15
^11 .5 1.237 .208 1.397 1 . 2 147 572
^2 2 .2 ,198 .043 .048 4.1 - 12
^33 ,1 .241 ,033 .058 4.1 141 . 77
9e l i .1 . 102 .027 .027 3 .7 - -
e e22 .2 . 197 .028 .028 6 .9 - -
e<533 .1 . 100 .036 .041 2 .5 - -
e<S44 ,4 .400 ,044 .045 9 .0 - —
0e55 . 1 .101 .026 .029 3 .3 - -
9 e 66 .3 .297 ,034 .034 8.7 - -
e611 , 1 .096 .028 .029 3 .3 - -
0<522 . 2 .203 .029 .030 6 . 8
X2 : 23 .55 w ith 15 df ( P - . 07)
Number of converged  r e p l i c a t i o n s  = 338
Number of nonconvergen t s o l u t i o n s  = 13
Number of im proper s o lu t i o n s = 6
* f a c to r  loadings of 1.0 are f ixed  f o r  manifest  va r iab les
#* indica tes  a r e l a t i v e  d i f fe rence  less  than 10K
TABLE 18. RESULTS FOR MODEL 3B N=200
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A
PARAMETER Id u> se RMSE t U)d s e d
XyU 1 . 0 *
xy2 i .9 .900 .035 .034 26 .5 -x X —
xy32 1 . 0
xy42 .7 .696 .086 .088 8 . 0 - —
xy53 1 . 0
xy63 . 8 .798 .041 . 040 2 0 . 0 - -
Xx l l 1 . 0
Xx21 .9 .900 .066 .067 13.8 - -
P31 ■ 7 1.078 .074 .061 18.7 54 -19
Pl3 .5 2 . 160 .265 1.788 4 .4 333 575
PlH - -1 .1 6 8 - 1 . 00 0 - 1 .5
V ll . 6 - .6 1 7 .354 1.246 - 1 . 1 -203 252
V£1 . 8 .805 .071 .071 11 .5 - -
'f’l l .9 .914 . 146 .149 6 . 2 - -
V ll .5 ■ 1.442 .295 11.954 . 8 188 3952
V22 . 2 . 2 0 2 .061 . 070 2 . 8 - 15
V33 . 1 .244 .046 .088 2 . 8 144 95
e e l l . 1 . 105 .036 .038 2 .7 - -
e e 22 . 2 ,193 .040 . 040 4 .8 - -
e e33 . 1 .095 .050 . 060 1.7 - 19
e e44 .4 ,403 .063 .063 6.3 - -
e e55 . 1 . 105 . 040 ,041 2 . 6 - -
e e 66 .3 .294 .049 .048 6 . 1 - -
e8 i l . 1 .096 .040 .041 2 .4 - -
e622 . 2 . 2 0 0 .042 .043 4.7
x2 = 19.,58 W ith  15 df (p=. 191
Number of converged r e p l i c a t i o n s  = 322
Number of no n convergen t s o l u t i o n s  = 50
Number of im proper s o lu t i o n s = 25
* f a c t o r  lo a d in g s  of 1 . 0  a re  f i x e d  f o r  m a n i f e s t  v a r i a b l e s  
*# i n d i c a t e s  a r e l a t i v e  d i f f e r e n c e  le s s  th a n  10*
TABLE 19. RESULTS FOR MODEL 3B N-iOO
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was s i g n i f i c a n t  in  68  ̂ of th e  r e p l i c a t i o n s  w i th  an average  v a lu e  
of - 2 .2 .  F o r N= 100, t h e  av e rag e  t - v a l u e  was n o t  s i g n i f i c a n t  
( - 1 .5 ) ,  b u t  reac h ed  s i g n i f i c a n c e  in  187 of th e  r e p l i c a t i o n s .
The m o d i f i c a t io n  in d ic e s  showed s i m i l a r  r e s u l t s  f o r  b o th  sample 
s i z e s .  In each  case, m u l t i p l e  p a th s  had i d e n t i c a l  average  MI
v a lu e s  and were f la g g e d  as  t h e  "maximum'' an equa l p e rc e n ta g e  of
th e  t im e .  F or  th e  l a r g e r  sample s iz e ,  P3 2 , 023> 3,1(1 021 
had MI v a lu e s  of 8 .76  and each  was f la g g e d  337 of th e  t im e . In  
many of th e  r e p l i c a t i o n s ,  t h e s e  t h r e e  p a ram e te rs  had i d e n t i c a l  
v a lu e s .  F or  N=ioo, f o u r  p a th s  had average  MI v a lu e s  of 4 ,5 0 .
Each was f la g g e d  257 of t h e  t im e .  These f o u r  p a th s  w ere 0g1(
023> 032* 3,1(1 Y3 i ■ The m o d i f i c a t io n  in d ic e s  deemed t h a t  
-ng and TI3 shou ld  be r e l a t e d ,  b u t  t h e r e  was u n c e r t a i n t y  as  
t o  w hether  th e  r e l a t i o n s h i p  shou ld  be d i r e c t  o r  i n d i r e c t  th ro u g h  
■ni.
F or  b o th  sample s i z e s ,  th e  average  x2 v a lu e  was l e s s  th an  
th e  c r i t i c a l  v a lu e  (x2 i 4  4*= 25.00, p = .0 5 ) .  F o r  N=200, th e  
average  x 2 was 23 .53  (p = .0 7 ) .  These v a lu e s  ranged  from  7 .13
(p= .95) t o  51 .52  (p= ,00) w i th  627. of t h e  v a lu e s  f a l l i n g  below th e
c r i t i c a l  v a lu e .  F or  N=100, th e  average  x2 was 19.58 (p= .19) 
w i th  v a lu e s  ra n g in g  from  5 ,6 5  (p= .99) t o  45 .67  (p=.D0). Thus 
o n ly  387 (N=200) and 207. (N=100) of th e  models would have been 
r e j e c t e d  as a  poor f i t .
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R e s u l t s  f o r  Model 3C
Model 3C c o n ta in s  t h e  r e c i p r o c a l  p a th  p23 w h i le  th e  t r u e  
r e c i p r o c a l  p a th  P j 3 has been o m it te d .  In g e n e ra l ,  th e  model 
p a ra m e te r  e s t im a te s  and s ta n d a r d  e r r o r s  were n o t  g r e a t l y  
a f f e c te d ,  and th e  model was a p l a u s i b l e  f i t  f o r  91x of  th e  
r e p l i c a t i o n s  f o r  N=200 (92* f o r  N=iOO). N e i t h e r  sample s i z e  
produced nonconvergen t s o l u t i o n s .  T ab les  20 and 21 p r e s e n t  th e  
r e s u l t s  f o r  Model 3C.
The o n ly  s t r u c t u r a l  p a ram e te r  to  be i n o r d i n a t e l y  a f f e c t e d  by 
th e s e  m i s s p e c i f i c a t i o n s  was y j j  w hich was o v e re s t im a te d  by an 
av e rag e  of 1047 f o r  b o th  sample s i z e s .  The s ta n d a r d  e r r o r s  of 
t h e  s t r u c t u r a l  p a ram e te rs  were a f f e c te d ,  t h r e e  b e in g  c o n s i s t e n t l y  
u n d e re s t im a te d  (p31, p32, and y ^ )  w h i le  t h e  s ta n d a rd  
e r r o r  f o r  y 21 was o v e re s t im a te d .
As f o r  Model 3B, th e  LISREL program ’s a b i l i t y  t o  d e t e c t  th e  
c o r r e c t  s p e c i f i c a t i o n  was l im i t e d .  F or  N=200, t h e  h ig h e s t  
average  m o d i f i c a t io n  index was 1.13 f o r  p^2 (1 .076  f o r  
N=100). The o m it te d  p a th  was in d i c a te d  in  o n ly  257 and 107. of th e  
r e p l i c a t i o n s  f o r  N=200 and N=100 r e s p e c t i v e l y .  The t - v a l u e s  f o r  
P23 were s i g n i f i c a n t  in  447. of th e  r e p l i c a t i o n s  (N=200) and 
in  297 of th e  r e p l i c a t i o n s  (N=100). o v e r a l l ,  t h e  e f f e c t s  of 
adding  and d e l e t i n g  r e c i p r o c a l  p a th s  seem to  " b a la n c e  o u t , "  and 
th e  p r o b a b i l i t y  of be ing  a b le  t o  i d e n t i f y  and c o r r e c t  b o th  e r r o r s  
seems v e r y  sm a l l .
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.9 .698 .046 .046 19. 6 _
^23 - .082 - .047 1 .6 - -
*31 .7 ,761 ,052 .036 2 2 .6 - -37
*32 .5 .415 .083 .064 6 .5 - -22
V ll .6 1.220 .249 . 102 12 .5 104 -63
V21 .8 ' , 697 . 050 . 083 6 .7 - 65
f ' l l . 9 .913 . 103 . 104 8 .8 - -
V ll .5 1.270 .206 . 149 8 .6 154 -31
Vs 2 .2 . 184 .043 .042 4 .4 - -
V33 . 1 .095 . 033 .031 3.1 - -
ee l l , 1 ,099 ,027 .027 3 .7 -
e d22 . 2 . 197 .026 .028 7 .0 - -
e833 . 1 .096 .036 .036 2 .7 - -
e d44 .4 .401 .044 .044 9 .0 - -
9£55 . 1 . 102 .028 .028 3 .4 - -
0e66 .3 .296 .034 .034 8 .7 - -
9d l l . 1 .096 .028 .028 3 .4 - -
9<J22 ,2 ,203 .029 . 030 6 .9 - -
X2 = 15,4-3 w i t h  15 df (p=.42)
Number of converged r e p l ic a t io n s  = 322 
Number of nonconvergent so lu t ions  = 0
Number of improper so lu t ions  = 1
* f a c t o r  loadings of 1,0 are f ixed  f o r  manifes t  va r iab le s  
#* ind ica tes  a r e l a t i v e  d i f fe rence  less  than 10Z




















.9 .900 .066 ,066 13.8 _ _
f'23 - .087 - .067 1 .4 - -
P31 .7 .759 .074 . 050 15.7 - -37
P32 .5 .421 .118 .095 4 .6 -15 -21
v u .6 1.220 .354 .142 8 .9 104 -64
V21 .8 .688 .071 . 116 6.1 -1 4 62
I’l l .9 .914 . 146 . 147 6.2 - -
V li .5 1.250 .295 .210 6.0 150 -33
Np22 .2 .180 ,061 .058 3 .0 - -
V33 . 1 .094 .046 .043 2.1 - -
0e l l . 1 .099 .038 .038 2 .6 - -
0t22 .2 . 195 .040 .040 4 .9 - -
0£33 . 1 .096 .050 .051 1.9 - -
0e44 .4 , 399 .063 .063 6 .4 - -
e e55 . 1 .099 .040 . 040 2 .5 - -
0e66 .3 .298 .049 .049 6.1 - -
°<511 . 1 .094 .040 .040 2 .4 - -
0322 .2 .203 .042 .042 4 .8
X2 - 15. 60 w i th 15 df (p= •41)
Number of converged  r e p l i c a t i o n s = 350
Number of nonconvergen t s o lu t i o n s = 0
Number of im proper s o l u t i o n s = 21
# f a c t o r  lo a d in g s  of 1 .0  a r e  f i x e d  f o r  m a n if e s t  v a r i a b l e s  
** i n d i c a t e s  a r e l a t i v e  d i f f e r e n c e  le s s  th a n  10X
TABLE 21. RESULTS FOR MODEL 30 N=100
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Summary of th e  R e s u l t s
In  o r d e r  t o  compare t h e  r a t e s  of nonconvergence and Improper 
s o l u t i o n s  a c ro s s  models and sample s i z e s ,  T ab le  21 p r e s e n ts  an 
overv iew  of th e s e  r e s u l t s .  In  g en e ra l ,  t h e  in c id e n c e  of 
nonconvergence and Heywood c a se s  was th e  same f o r  b o th  sample 
s i z e s .  However, f o r  Models 1A, 2B, and 3B th e  d i f f e r e n c e  in  th e  
r a t e s  of nonconvergence was l a r g e r .  F or  Model 1A, a sample s i z e  
of 200  produced 7z nonconvergen t s o lu t i o n s  as  opposed t o  13/. f o r  
N=100. For Models 2B and 3B, th e  r a t e s  were 4 /  f o r  N=200 and 13/ 
f o r  N=100. Models IB, 2C, and 3A had th e  h ig h e s t  r a t e s  of 
nonconvergence- 49*, 37 /,  and about 50/ r e s p e c t i v e l y .  There  were 
no models in  which th e  r a t e s  f o r  im proper s o l u t i o n s  was h ig h e r  
th an  10 / .
T ab les  22, 23, and 24 p r e s e n t  summaries of th e  r e s u l t s  f o r  
Models l, 2, and 3. These t a b l e s  g iv e  q u a l i t a t i v e  in fo rm a tio n  on 
th e  r e l a t i v e  perform ance of th e  models f o r  each  of th e  sample 
s i z e s  c o n s id e re d .  These t a b l e s  a re  based  on s i m i l a r  t a b l e s  found 
in Boomsma (1983). P a r t  I of each t a b l e  i n d i c a t e s  th e  d eg ree  of 
b ia s  f o r  t h e  p a ram ete r  e s t im a te s  and s ta n d a rd  e r r o r s .  P a r t  I I  
i n d i c a t e s  t h e  degree  of d e p a r tu r e  from  op tim al perform ance , For 
example, i f  a  m l s s p e c i f l e d  model had a h ig h  r a t e  of a cc ep tan c e  
and an av e rag e  x 2 v a lu e  le s s  th a n  t h e  c r i t i c a l  va lue , such  
perform ance could  n o t  be c o n s id e re d  op tim al as  t h e  
g o o d n e s s - o f - f i t  i s  m is le a d in g .
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T o t a l  Improper
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TABLE 22. IMPROPER SOLUTIONS AND NONTONVERGENCE
H=
P a r t  I . a
Bias of  f a c t o r  
load ings
Bias  of s t r u c t u r a l  
pa ram ete rs
Bias  of  phi  
o r  p s i  m a t r i c e s
Bias  of meas. 
e r r o r  te rm s
Bias  of s t a n d a r d  













P a r t  I I  , b
G o o d n e s s - o f - f i t
M o d i f i c a t i o n  index 
f o r  e r r o r
T -v a lu e  f o r  e r r o r
Honconvergence













aF a r t  I i n d i c a t e s  t h e  degree  of  b i a s  f rom s t r o n g e s t  ( m m ) t o  no 
b i a s  { - ) .  The degree  of b i a s  was based  on t h e  number of 
pa ram e te rs  a f f e c t e d  and t h e  s e v e r i t y  of t h e  b i a s .
bP a r t  I I  i n d i c a t e s  degree  of  d e p a r t u r e  from op t imal  performance; 
i t  r anges  f rom s t r o n g e s t  d e p a r t u r e  ( m m ) t o  no d e p a r t u r e  ( - ) .
TABLE 23, SUMMARY OF RESULTS FOR MODEL 1
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Model 2A Model 2B Model 2C
N= 200 100 200 100 200 100
P a r t  I . a
Bias  of  f a c t o r  -  -  -  -  -
load ings
Bias  of s t r u c t u r a l  # -  *
pa ram e te rs
Bias of p m  * -  x x
o r  p s i  m a t r i c e s
Bias of meas.  -  -  *
e r r o r  te rms
Bias of s t a n d a r d  xx xx x x xx xx
e r r o r s
F a r t  l l . b
G o o d n e s s - o f - f i t
M o d i f i c a t i o n  index 
f o r  e r r o r
T -va lue  f o r  e r r o r
Nonconvergence
Improper s o l u t i o n s
aP a r t  I i n d i c a t e s  degree  of b i a s  from s t r o n g e s t  (xx) t o  no b ia s  
( - ) ,  The degree  of b i a s  was based on t h e  number of param ete r s  
a f f e c t e d  and t h e  s e v e r i t y  of  t h e  b i a s .
bP a r t  I I  i n d i c a t e s  degree  of  d e p a r t u r e  from op timal performance; 








TABLE 24, SUMflARY OF RESULTS FOR MODEL 2
Model 3A Model 3B Model 3C
N= 200 100 200 100 200 100
P a r t  I . a
B ias  of f a c t o r  -  -  -
load ings
Bias  of s t r u c t u r a l  it h ** *# it *
p a ram ete rs
Bias  of phi  k * ni t  i fn h h
o r  p s i  m a t r i c e s
Bias  of meas,  h -  -
e r r o r  te rms
Bias  of s t a n d a r d  mt ** mt ** h k h
e r r o r s
If M If If
If MM
If Hit
aP a r t  I i n d i c a t e s  t h e  d e g re e  of h i a s  from s t r o n g e s t  (*») t o  no 
b i a s  ( " ) .  The deg ree  of  b i a s  was based  on t h e  number of 
pa ram e te rs  a f f e c t e d  and t h e  s e v e r i t y  of t h e  b i a s .
bF a r t  I I  i n d i c a t e s  deg ree  of d e p a r t u r e  from op timal per formance;  
i t  r an g es  from s t r o n g e s t  d e p a r t u r e  (**) t o  no d e p a r t u r e  ( - ) .
F a r t  n . b
G o o d n e s s - o f - f i t  -  -  *#
M o d i f i c a t i o n  index -  * **
f o r  e r r o r
T -v a lu e  f o r  e r r o r  -  h k h
Nonconvergence hk hk *
Improper s o l u t i o n s  -  -  h
TABLE 25. SUMMARY OF RESULTS FOR MODEL 3
V. CONCLUDING REMARKS
D is c u s s io n  of  t h e  R e s u l t s
The purpose  of  t h i s  s t u d y  was t o  examine t h e  r o b u s t n e s s  of 
LISREL maximum l i k e l i h o o d  p a ram e te r  e s t i m a t e s  u n d e r  s p e c i f i c  
c o n d i t i o n s  of  model m i s s p e c i f i c a t i o n  and sample s i z e .  These 
c o n d i t i o n s  of  model m i s s p e c i f i c a t i o n  a r e  e r r o r s  of om iss ion  of 
s t r u c t u r a l  pa ths ,  e r r o r s  of  i n c l u s i o n  of  s t r u c t u r a l  pa ths ,  and 
s im u l tan e o u s  e r r o r s  of omiss ion  and i n c l u s i o n  of s t r u c t u r a l  
p a th s .  By examining t h e  v a lu e s  of t h e  p a ra m e te r  e s t i m a t e s  and 
comparing them t o  t h e  p o p u l a t i o n  v a lu es ,  we have some s p e c i f i c  
i n fo rm a t io n  a bou t  how such  f a c t o r s  may a f f e c t  pa ram e te r  e s t i m a t e s  
in a p p l i e d  r e s e a r c h  s i t u a t i o n s .  In  a d d i t i o n ,  t h i s  s t u d y  has 
i n v e s t i g a t e d  t h e  e f f e c t s  of  model m i s s p e c i f i c a t i o n  and sample 
s i z e  on t h e  e s t i m a t e s  of  s t a n d a r d  e r r o r s ,  t h e  t - v a l u e s ,  th e  
m o d i f i c a t i o n  i n d i c e s ,  t h e  g o o d n e s s - o f - f i t  of  t h e  model, and t h e  
f r e q u e n c y  of nonconvergen t  and improper  s o l u t i o n s ;  These r e s u l t s  
w i l l  s i m i l a r l y  p ro v id e  us w i t h  i n fo rm a t io n  t h a t  may-a id  
r e s e a r c h e r s  in making informed d e c i s i o n s  w i th  r e g a r d  t o  t h e  
t h e o r e t i c a l  s p e c i f i c a t i o n  of  LISREL models.
C e r t a i n  ty p e s  of  s p e c i f i c a t i o n  e r r o r s  seem t o  be more s e r i o u s  
in te rm s  of p a ra m e te r  b i a s  a n d / o r  model f i t .  In g e n e ra l ,  t h e  
e f f e c t s  of o m i t t i n g  a p a t h  from an exogenous v a r i a b l e  t o  an
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endogenous v a r i a b l e  seem t o  be l e s s  s e r i o u s  th a n  t h e  e f f e c t s  of 
o m i t t i n g  a p a t h  from an endogenous v a r i a b l e  t o  a n o t h e r  endogenous 
v a r i a b l e .  The e s t i m a t i o n  of  pa ram e te r s  and s t a n d a r d  e r r o r s  was 
a f f e c t e d  much l e s s  by t h e  fo rm er  e r r o r  th a n  by th e  l a t t e r .  The 
marked b i a s  of t h e  s t r u c t u r a l  p a ram e te r  e s t i m a t e s  when a  p a t h  
from one endogenous v a r i a b l e  t o  a n o t h e r  endogenous v a r i a b l e  is  
o m i t te d  shou ld  be n o te d .  Nonconvergence problems were a l s o  more 
f r e q u e n t  when such  a p a t h  was o m i t t e d .  The x 2 measures  f o r  
g o o d n e s s - o f - f i t  a p p r o p r i a t e l y  i n d i c a t e d  a lack  of congruence 
between t h e  d a t a  and t h e  t h e o r e t i c a l  model e x c e p t  in t h e  case  of 
Model iB w i th  N=iOO.
Adding a p a t h  from one endogenous v a r i a b l e  t o  a n o th e r  
endogenous v a r i a b l e  a f f e c t s  t h e  e s t i m a t i o n  of param ete rs  and 
s t a n d a r d  e r r o r s  l e s s  t h a n  f o r  any o t h e r  m i s s p e c i f i c a t i o n ,  
r e g a r d l e s s  of  sample s i z e .  However, t h e  m i s s p e c i f i e d  model would 
be accep ted  as a good f i t  w i th  a v e r y  h igh  p r o b a b i l i t y .  The 
a d d i t i o n  of a p a t h  f rom an exogenous v a r i a b l e  t o  an endogenous 
v a r i a b l e  p r e s e n te d  problems on ly  f o r  t h e  s m a l l e r  sample s i z e .
O m it t ing  a s i n g l e  r e c i p r o c a l  p a t h  i s  a l s o  n o t  s e r i o u s .  
However, adding  a r e c i p r o c a l  p a t h  when a n o t h e r  r e c i p r o c a l  p a th  
a l r e a d y  e x i s t s  in  t h e  model seems t o  p r e s e n t  s e v e r e  e s t i m a t i o n  
problems f o r  t h e  s t a n d a r d  e r r o r s .  Th i s  i s  p ro b ab ly  due t o  
t h e  i n c o r r e c t  p a r t i o n i n g  of d i r e c t  and i n d i r e c t  e f f e c t s .  Adding a 
r e c i p r o c a l  p a t h  t o  a model t h a t  has no o t h e r  n o n - r e c u r s i v e  p a th  
may n o t  have t h e  same e f f e c t s  as  were no ted  in  t h i s  s tu d y .
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Simul taneous  e r r o r s  f rom an exogenous v a r i a b l e  t o  an 
endogenous v a r i a b l e  seem t o  be more p r o b le m a t i c  th a n  s i n g l e  
e r r o r s  of om iss ion  o r  i n c l u s i o n .  The s t r u c t u r a l  p a ra m e te r  
e s t i m a t e s  and t h e  s t a n d a r d  e r r o r s  a r e  more l i k e l y  t o  be q u i t e  
d i f f e r e n t  f rom t h e  p o p u l a t i o n  v a l u e s .  The problems of 
nonconvergence  were a l s o  much more s e v e r e  f o r  t h e  model w i t h  
s im ul taneous  e r r o r s .
Model g o o d n e s s - o f - f i t  was m arked ly  a f f e c t e d  f o r  Models 3B and 
3C in  t h a t  t h e s e  models f a i l  t o  y i e l d  a c c u r a t e  r e s u l t s  
co n ce rn in g  g o o d n e s s - o f - f i t ,  and t h e  c o r r e c t  r e s p e c i f i c a t i o n s  
canno t  be d i s c e r n e d  f rom t h e  m o d i f i c a t i o n  in d i c e s  and t - v a l u e s ,  
Moderate b i a s  was n o te d  f o r  t h e  p a r a m e te r  e s t i m a t e s .
As was expec ted ,  t h e  f a c t o r  lo a d in g s  remained  c o n s i s t e n t  from 
model t o  model w i t h  l i t t l e  o r  no b i a s  d e t e c t e d .  Th is  f i n d i n g  
conf i rm s  t h e  f a c t  t h a t  changes  in t h e  s t r u c t u r a l  model have few 
e f f e c t s  on t h e  measurement model.
Nonconvergence problems seem t o  be r e l a t e d  to  t h e  ty p e  of 
e r r o r  made in r e l a t i o n  t o  t h e  o v e r a l l  p a t t e r n  of t h e  t r u e  model.  
F o r  example, t h e  a d d i t i o n  of  a s t r u c t u r a l  p a t h  from an endogenous 
v a r i a b l e  t o  a n o t h e r  endogenous v a r i a b l e  p r e s e n t e d  numerous 
nonconvergence problems.  One would e x p e c t  t h a t  t h e  model 
c o n t a i n i n g  s im u l tan e o u s  e r r o r s  m igh t  l i k e w i s e  be a f f e c t e d ,  b u t  
t h i s  was n o t  t h e  c a s e .  The p a r t i c u l a r  problems f o r  t h i s  
m i s s p e c i f i c a t i o n  may be m o d e l - s p e c i f i c ,  t h a t  is ,  due t o  t h e  
r e p a r t i t i o n i n g  of d i r e c t  and i n d i r e c t  e f f e c t s  in  c o n t r a s t  t o  such
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e f f e c t s  in  t h e  t r u e  model .  Of t h e  f o u r  l a t e n t  v a r i a b l e s  in  t h e  
model, t h r e e  a r e  endogenous.  There  *i s  a  c e r t a i n  dynamic t o  t h e  
f l o w  of d i r e c t  and i n d i r e c t  e f f e c t s  in  t h i s  model.  F o r  t h e  c a s e  
in which r e c i p r o c a l  p a th s  a r e  p r e s e n t ,  an a lm os t  c i r c u l a r  f l o w  of 
e f f e c t s  cou ld  be assumed.  O m i t t ing  a "major"  p a th  in  t h e  model 
may r e s t r i c t  t h i s  dynamic f low. Thus t h e  nonconvergence problems 
may be more i n d i c a t i v e  of m o d e l - s p e c i f i c  t e n d e n c i e s  t h a n  due t o  
t h e  d e l e t i o n  of a p a r t i c u l a r  ty p e  of p a th .
Sample s i z e  seemed t o  be a minor  i s s u e  in  many of t h e  models
s t u d i e d  i f  t h e  models  a r e  examined on a c a s e - b y - c a s e  b a s i s .
There seems t o  be a g e n e ra l  " r u l e  of thumb" i n  t h a t  t h o s e  models 
which  f i t  w e l l  and a r e  r e l a t i v e l y  "easy"  t o  e s t i m a t e  can  be 
e s t i m a t e d  w e l l  w h e th e r  t h e  sample s i z e  i s  100 o r  200. On t h e  
o t h e r  hand, models  w hich  have convergence  problems o r  which  do 
n o t  f i t  w e l l  w i l l  u s u a l l y  have s i m i l a r  r e s u l t s  f o r  t h e  d i f f e r e n t  
sample s i z e s  as w e l l .  Th is  does n o t  mean, however, t h a t  a sample 
s i z e  of 100 n e c e s s a r i l y  g ive s  t h e  same r e s u l t s  as a sample s i z e  
of  200. In p a r t i c u l a r ,  t h e  s t a n d a r d  e r r o r s  seem t o  be g r e a t l y  
a f f e c t e d  by sample s i z e .  This  was p a r t i c u l a r l y  t r u e  f o r  Models 1A 
and 1C. Sample e s t i m a t e s  of s t a n d a r d  e r r o r s  were much c l o s e r  to  
p o p u l a t i o n  v a l u e s  when N=200. Even when t h e  pa ram e te r  e s t i m a t e s  
the m se lves  were r e l a t i v e l y  u n b ia se d  f o r  N=100, comparisons  t o  t h e  
r e s u l t s  of N=200 show t h a t  t h e s e  e s t i m a t e s  a r e  even more a c c u r a t e
f o r  t h e  l a r g e r  sample s i z e .  The i n c id e n c e  of r e j e c t i n g  a
m i s s p e c i f i e d  model a l s o  seems to  improve when t h e  sample s i z e  is
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i n c re a s e d .  T -v a lu e s  more a d e q u a te l y  r e f l e c t  t h e  i n c l u s i o n  of 
e x t r a n e o u s  pa ths,  and t h e  m o d i f i c a t i o n  i n d i c e s  more a c c u r a t e l y  
f l a g  th o s e  pa th s  which s h ou ld  be in c lu d ed  in  t h e  model .
O v e ra l l ,  few b l a n k e t  reconm enda tions  as t o  t h e  c l a s s e s  of 
s p e c i f i c a t i o n  e r r o r s  which most s e r i o u s l y  a f f e c t  t h e  r o b u s t n e s s  
of pa ram e te r  e s t i m a t e s  can be made. From a t h e o r e t i c a l  p o i n t  of 
view, i t  m igh t  seem t h a t  adding a p a t h  t o  an o th e rw is e  c o r r e c t l y  
s p e c i f i e d  model would be t h e  l e a s t  innocuous of  a l l  e r r o r s .  
I n s p e c t i o n  of t h e  p a ra m e te r  e s t i m a t e s  f o r  t h e  models  t e s t e d  would 
seem t o  s u p p o r t  t h i s  n o t i o n .  However, i t  must  be p o in t e d  o u t  
t h a t  t h e  g o o d n e s s - o f - f i t  f o r  a l l  e r r o r s  of i n c l u s i o n  was v e ry  
good, a b i t  of i n fo rm a t io n  t h a t  i s  q u i t e  m i s l e a d i n g .  In a d d i t i o n  
t h e  s t a n d a r d  e r r o r s  f o r  a l l  of t h e s e  models  were m o d e ra te ly  t o  
s t r o n g l y  b i a s e d .  Such b i a s  can a l s o  a f f e c t  c o n c lu s io n s  as t o  t h e  
s i g n i f i c a n c e  o r  n o n - s i g n i f i c a n c e  of i n d i v i d u a l  parameters . .
Which e r r o r s  a r e  of  t h e  most consequence from an a p p l i e d  
s t a n d p o i n t ?  E x c lu s io n  of  p paths,  i n c l u s i o n  of  r e c i p r o c a l  
pa th s  in models  t h a t  a l r e a d y  c o n t a i n  a r e c i p r o c a l  path,  and 
m u l t i p l e  e r r o r s  of any s o r t  seem t o  have t h e  most  s e r i o u s  
consequences  f o r  c a u s a l  modeling .  Such e r r o r s  b i a s  s t r u c t u r a l  
pa ram e te r  e s t i m a t e s  and s e v e r e l y  d i s t o r t  s t a n d a r d  e r r o r s .
Recovery  from such  m i s s p e c i f i c a t i o n s  i s  d o u b t f u l .  T -v a lu e s  w i l l  
n o t  be r e l i a b l e ,  m o d i f i c a t i o n  i n d i c e s  canno t  be guaran teed ,  and 
model g o o d n e s s - o f - f i t  i s  a l s o  a f f e c t e d .
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The r e s u l t s  of  t h i s  s t u d y  s u p p o r t  some c o n c l u s i o n s  f rom  p a s t  
r e s e a r c h .  The recom nenda tion  by Boomsma (1983) t o  u s e  sample 
s i z e s  l a r g e r  t h a n  100 i s  s u p p o r te d .  A l though  t h e  a v e ra g e  x2 
s t a t i s t i c s  d id  n o t  i n d i c a t e  any o v e r a l l  improvement f rom  N=iOO t o  
N=200, t h e  r ange  of  x2 v a l u e s  i s  much s m a l l e r  f o r  N=200; 
thus ,  t h e  p r o b a b i l i t y  of  o b t a i n i n g  a r e l i a b l e  t e s t  s t a t i s t i c  i s  
much improved f o r  t h e  l a r g e r  sample s i z e .  As d i s c u s s e d  
p r e v io u s l y ,  sample s i z e  has  a d e f i n i t e  e f f e c t  on t h e  e s t i m a t i o n  
of param ete r s ,  s t a n d a r d  e r r o r s ,  and m o d i f i c a t i o n  i n d i c e s .
MacCallum's (1986) r e s e a r c h  showed t h a t  models w i t h  one 
m i s s p e c i f i c a t i o n  e r r o r  o f t e n  were n o t  r e j e c t e d .  Th is  r e s e a r c h  
dem o n s t r a te s  t h a t  models  c o n t a i n i n g  e r r o r s  of i n c l u s i o n  a r e  
p a r t i c u l a r l y  a t  h ig h  r i s k  of be ing  e r r o n e o u s l y  acc e p te d  as 
p l a u s i b l e .  On t h e  o t h e r  hand, models  c o n t a i n i n g  e r r o r s  of 
omiss ion  may be r e j e c t e d  o r  may f a i l  t o  be r e j e c t e d  depending  
upon t h e  type  of  p a t h  o m i t te d .  C o n t r a r y  t o  MacCallum’s study,  
two m i s s p e c i f i c a t i o n  e r r o r s  do n o t  n e c e s s a r i l y  i n c r e a s e  t h e  
chances  of r e j e c t i n g  a  model .  The ty p e s  of e r r o r s  made seem t o  
be more im por tan t  t h a n  t h e  number of  e r r o r s .  Fo r  in s t a n c e ,  f o r  
Model 3C which o m i t t e d  and in c lu d e d  r e c i p r o c a l  paths,  t h e  model 
was acc e p te d  as  p l a u s i b l e  in most r e p l i c a t i o n s . Th is  was t r u e  
d e s p i t e  t h e  f a c t  t h a t  s t r u c t u r a l  p a r a m e te r s  were  b i a s e d .
Gerbing & A nde rson ’s (1985) Monte C a r lo  s tu d y  dem ons t ra ted  
t h a t  t h e  v a r i a b i l i t y  of pa ram e te r  e s t i m a t e s  d e c r e a s e s  as  sample 
s i z e  i n c r e a s e s .  Th is  f i n d i n g  was l i k e w i s e  su p p o r te d  in t h i s
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s tu d y .  T h e i r  f i n d i n g s  a r e  based on r e s e a r c h  i n v e s t i g a t i n g  t h e  
e f f e c t s  of model c h a r a c t e r i s t i c s  on p a r a m e te r  e s t i m a t e s  in 
c o n f i r m a t o r y  f a c t o r  a n a l y s i s .  However, i t  maKes i n t u i t i v e  s e n s e  
t h a t  p a ram e te r  e s t i m a t e s  shou ld  l i k e w i s e  be a f f e c t e d  in  
s t r u c t u r a l  e q u a t io n  models .
Gerbing  & Anderson a l s o  no te d  t h a t  sample s i z e  and th e  number 
of i n d i c a t o r s  p e r  l a t e n t  v a r i a b l e  had l a r g e  e f f e c t s  on t h e  
s t r u c t u r a l  p a r a m e te r  <p which r e l a t e s  two f a c t o r s .  Th is  s tu d y  
found  a somewhat s i m i l a r  e f f e c t  on t h e  v a r i a n c e  te rms of t h e  
m a t r i x  <l> and on t h e  d i s t u r b a n c e  te rm s  of t h e  m a t r i x  V.
By m i s s p e c i f y i n g  t h e  model and by l i m i t i n g  t h e  number of 
i n d i c a t o r s  t o  two, e s t i m a t i o n  i s  h in d e re d .  The in c id e n c e  of b i a s  
f o r  t h e  p a ram e te r s  in  t h e s e  two m a t r i c e s  was much h ighe r ,  even in  
c a s e s  in which t h e  b i a s  of  o t h e r  p a r a m e te r s  was l im i t e d ,  and t h e  
model o th e rw is e  per formed o p t i m a l l y .  Th is  was p a r t i c u l a r l y  t r u e  
f o r  sample s i z e s  of 100. The b i a s  of t h e s e  pa ram e te rs  i n d i c a t e s  
t h a t  t h e  m i s s p e c i f i c a t i o n  i n t r o d u c e s  a d eg ree  of u n c e r t a i n t y  i n t o  
t h e  e s t i m a t i o n  p ro c e d u re .  Much of t h e  v a r i a n c e  which i s  
o th e rw i s e  accoun ted  f o r  in  t h e  p o p u l a t i o n  model cannot  be 
e x p l a i n e d  in t h e  m i s s p e c i f i e d  model .  Thus t h e s e  te rm s  a r e  a p t  t o  
be a f f e c t e d .
I m p l i c a t i o n s  f o r  E d u c a t io n a l  R esearch
The development of LISREL-type s t r u c t u r a l  e q u a t io n  models has
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d e c i d e d l y  in f l u e n c e d  t h e  d i r e c t i o n  of  e d u c a t io n a l  r e s e a r c h  in  t h e  
p a s t  f ew  y e a r s .  Causal  modeling  t e c h n i q u e s  a l lo w  r e s e a r c h e r s  t o  
h y p o th e s i z e  abou t  t h e  complex r e l a t i o n s h i p s  among t h e o r e t i c a l  
v a r i a b l e s  in a  manner t h a t  i s  n o t  p o s s i b l e  w i t h  p a t h  a n a l y s i s  o r  
m u l t i p l e  r e g r e s s i o n .
The p o p u la r  u sage  of  any s t a t i s t i c a l  t e c h n iq u e  leads  many 
r e s e a r c h e r s  t o  s p e c u l a t e  on t h e  u t i l i t y  of t h a t  t e c h n iq u e .  While 
th e  r o b u s t n e s s  of  more t r a d i t i o n a l  m e thodo log ies  a g a i n s t  
v i o l a t i o n s  of a ssumpt ions  has been t e s t e d ,  t h e  e f f e c t s  of such  
v i o l a t i o n s  a r e  n o t  c l e a r  when u s in g  LISREL-type models .  These 
p ro ced u res  have o n ly  r e c e n t l y  been under  s tu d y .
This  s tu d y  adds t o  t h e  l i t e r a t u r e  by hav ing  examined t h e  
e f f e c t s  of model m i s s p e c i f i c a t i o n  and sample s i z e .  A l though  t h e  
g e n e r a l i z a t i o n s  of t h e  s tu d y  a r e  r e s t r i c t e d  due t o  t h e  p a r t i c u l a r  
c l a s s  of models and t h e  p a r t i c u l a r  ty p e s  of  m i s s p e c i f i c a t i o n  
examined, such  g e n e r a l i z a t i o n s  may lead  us t o  a more " in fo rm ed  
guess ing"  of how such  model m i s s p e c i f i c a t i o n s  may a f f e c t  r e s u l t s  
when working  in  an a p p l i c a t i o n s  c o n t e x t .  A l though l i n e a r  
s t r u c t u r a l  e q u a t io n  mode l ing  i s  n e v e r  reconmended t o  be used  in 
t h e  t o t a l  absence  of s u b s t a n t i v e  theo ry ,  t h e  p re sen ce  of e q u a l l y  
p l a u s i b l e  y e t  c o n f l i c t i n g  t h e o r i e s  may r e s u l t  in v a r io u s  
d i f f e r e n t  model s p e c i f i c a t i o n s  f o r  t h e  same t h e o r e t i c a l  r e s e a r c h  
q u e s t i o n .  Knowledge of how models behave under  a l t e r n a t e  
m i s s p e c i f i c a t i o n s  i s  a v a l u a b l e  a s s e t  in  such  s i t u a t i o n s .
F o r  example, Parkerson ,  Lomax, S c h i l l e r  & Walberg (1984)
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examine f i v e  a l t e r n a t i v e  models of e d u c a t io n a l  p r o d u c t i v i t y .
These  models use  v a ry in g  com bina t ions  of l a t e n t  v a r i a b l e s  in 
d i f f e r i n g  a r rangem en ts .  Thus a v a r i a b l e  such  as " i n s t r u c t i o n a l  
t ime"  may be used as an exogenous v a r i a b l e  in  one model and as an 
endogenous v a r i a b l e  in  a d i f f e r e n t  bu t  e q u a l l y  p l a u s i b l e  model .  
The Knowledge t h a t  such  a l t e r n a t i v e s  may in f l u e n c e  p a r t i c u l a r  
sample e s t i m a t e s ,  g o o d n e s s - o f - f i t ,  o r  s t a n d a r d  e r r o r s  cou ld  be an 
a s s e t  when e v a l u a t i n g  and comparing r e s u l t s  from such  models .
As a more d e t a i l e d  example, c o n s i d e r  r e c e n t  r e s e a r c h  
i n v e s t i g a t i n g  th e  e f f e c t s  of m a te rna l  r o l e  modeling on th e  
academic ach ievem ent of d a u g h t e r s .  Such r e s e a r c h  has evo lved  
f rom an i n t e r e s t  in examining t h e  consequences  of a m o t h e r ' s  
employment o u t s i d e  of t h e  home. D ep a r tu re s  from t h e  t r a d i t i o n a l  
f a m i l y  s t r u c t u r e  have enormous s o c i a l ,  economic, and 
p s y c h o lo g ic a l  i m p l i c a t i o n s .  In t h e  pas t ,  r e s e a r c h  has examined 
th e  r e l a t i o n s h i p s  between m a te rn a l  i n f l u e n c e  and sex  r o l e  
o r i e n t a t i o n ,  r o l e  model i n f l u e n c e s  and academic achievement,  sex 
r o l e  o r i e n t a t i o n  and academic achievement,  r o l e  modeling and 
s e l f - c o n c e p t ,  and s e l f - c o n c e p t  and academic achievement (see 
Baldwin,  1984 f o r  a comprehensivee  r e v ie w  of r e s e a r c h  in t h e  a r e a  
of m a te rn a l  employment .)  Such r e s e a r c h  has been l i m i t e d  in i t s  
f i n d i n g s  due t o  t h e  c o m p lex i ty  of t h e  problem and t h e  
shor tcom ings  of t h e  m e thodo log ie s  invo lved .  Most of  th e  r e s e a r c h  
has been r e s t r i c t e d  t o  c o r r e l a t i o n a l  s tu d y  o r  t o  t h e  d e t e c t i o n  of 
group d i f f e r e n c e s  u s in g  t - t e s t s  o r  c h i - s q u a r e  t e s t s .  In
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a d d i t i o n ,  complex c o n s t r u c t s  such  as achievement and s e l f - c o n c e p t  
have been s i m p l i s t i c a l l y  measured  by u s in g  s i n g l e  i n d i c a t o r s  
(Baldwin, 1984 ).
The t e c h n i q u e s  o f . s t r u c t u r a l  e q u a t io n  mode l ing  cou ld  be 
a p p l i e d  to  t h i s  r e s e a r c h  q u e s t i o n  in  hopes of  o b t a i n i n g  a more 
complete p i c t u r e  of  how s uch  v a r i a b l e s  i n t e r a c t  in a t h e o r e t i c a l  
system. The use  of m u l t i p l e  i n d i c a t o r s  would i n c r e a s e  t h e  
r e l i a b i l i t y  of  measurement as w e l l  as  p ro v id e  m u l t i p l e  d im ens ions  
of l a t e n t  c o n s t r u c t s .  C o n s id e r  a model which  f o r  t h e  saKe of t h i s  
example c o n t a i n s  f o u r  l a t e n t  v a r i a b l e s  a r r an g ed  in  t h e  same 
f a s h i o n  as t h e  t r u e  model used  f o r  t h i s  s t u d y .  Thus 
m a te rn a l  r o l e  i s  s e x - r o l e  o r i e n t a t i o n  i s  *tia, s e l f - c o n c e p t  i s  
"Hg, and academic ach ievem ent  i s  A lso  assume t h a t  each  l a t e n t  
v a r i a b l e  is  measured by two r e l i a b l e  and v a l i d  i n d i c a t o r  
v a r i a b l e s .  Such an example ( though perhaps  s t i l l  t o o  s i m p l i s t i c  
f o r  t h e  t o t a l  problem) r e l a t e s  v a r i a b l e s  in  a model w h ich  i s  n o t  
p o s s i b l e  to  s p e c i f y  w i t h  more t r a d i t i o n a l  m e thodo log ie s ,
The s tu d y  of model m i s s p e c i f i c a t i o n  has s e r i o u s  i m p l i c a t i o n s  
f o r  t h i s  p a r t i c u l a r  t h e o r e t i c a l  model .  The r e s u l t s  of  t h i s  
r e s e a r c h  i n d i c a t e  t h a t  m i s s p e c i f i c a t i o n  of t h e  t h e o r e t i c a l  model 
cou ld  have s e r i o u s  e f f e c t s  on t h e  r e s u l t s  and t h e  su b se q u en t  
i n t e r p r e t a t i o n .  For  i n s t a n c e ,  suppose  t h a t  t h e  
model d e s c r i b e d  p r e v i o u s l y  was t h e  " t r u e "  s p e c i f i c a t i o n  of t h e  
r e l a t i o n s h i p s  between t h e  v a r i a b l e s  m a te rn a l  r o l e ,  s e x  r o l e  
o r i e n t a t i o n ,  s e l f - c o n c e p t ,  and academic achievement.  A lso
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suppose t h a t  p a s t  r e s e a r c h  has i n d i c a t e d  t h a t  t h e  r e l a t i o n s h i p  
between s e l f - c o n c e p t  and academic achievement may a l s o  be a 
r e c i p r o c a l  one. Thus t h e  r e s e a r c h e r  may i n c o r r e c t l y  s p e c i f y  t h e  
model so as t o  re sem ble  Model 2C of t h i s  s tu d y .  Th is  r e s e a r c h  
i n d i c a t e s  t h a t  i n c o r r e c t l y  add ing a r e c i p r o c a l  p a t h  t o  a model 
t h a t  a l r e a d y  c o n t a in s  a r e c i p r o c a l  p a t h  d i s t o r t s  r e s u l t s .  While 
pa ram e te r  e s t i m a t e s  may n o t  be a f f e c t e d ,  s t a n d a r d  e r r o r s  w i l l  be 
i n a c c u r a t e .  In a d d i t i o n ,  an a c c e p t a b l e  s o l u t i o n  i s  l e s s  p ro b a b le  
s i n c e  t h i s  type  of e r r o r  f r e q u e n t l y  r e s u l t s  in nonconvergen t  
s o l u t i o n s .  Even i f  a converged  s o l u t i o n  were ob ta ined ,  t h e  
g o o d n e s s - o f - f i t  s t a t i s t i c s  would i n d i c a t e  t h a t  t h e  model i s  
p l a u s i b l e .  An i n c o r r e c t  model would th u s  be deemed a c c e p ta b l e ,  
and t h e  o u tp u t  may n o t  deno te  t h a t  a  s t r u c t u r a l  e r r o r  e x i s t s .
In gene ra l ,  t h e  r e s u l t s  of t h i s  s t u d y  s t r o n g l y  c o n f i rm  t h e  
idea  t h a t  LISREL-type mode ling must  be unde r ta ken  o n ly  when t h e r e  
i s  g u id in g  s u b s t a n t i v e  t h e o r y .  In many cases ,  m i s s p e c i f i e d  
models were i n a c c u r a t e l y  d e s c r i b e d  as having  a c c e p ta b l e  
g o o d n e s s - o f - f i t .  A l t e r n a t i v e  models may have e q u a l l y  good f i t s .  
The u l t i m a t e  d e c i s i o n  t o  ac c e p t  a model must  l a y  w i t h  th e  
r e s e a r c h e r .  The numbers them se lves  cannot  be u sed  as t h e  s o l e  
c r i t e r i a  f o r  j u d g i n g  t h e  q u a l i t y  of a model.
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Recommendations f o r  F u r t h e r  R esea rc h
The r e s e a r c h  in  a Monte C a r lo  s t u d y  i s  l i m i t e d  by t h e  n a t u r e  
of t h e  i n v e s t i g a t i o n ,  Many a l t e r n a t i v e  and e q u a l l y  i n t e r e s t i m g  
q u e s t i o n s  about  t h e  r o b u s t n e s s  of LISREL maximum l i k e l i h o o d  
p a ra m e te r  e s t i m a t e s  u n d e r  c o n d i t i o n s  of model m i s s p e c i f i c a t i o n  
have n o t  been ad d re s s e d  by t h i s  s tu d y .  Subsequen t  r e s e a r c h  in  
t h i s  a r e a  i s  needed  t o  a d d re s s  t h e  f o l l o w i n g  q u e s t i o n s :
(1) What i s  t h e  optimum number of i n d i c a t o r s  needed t o  
f a c i l i t a t e  Monte C ar lo  s tudy?  The use  of on ly  two i n d i c a t o r s  
was an a t t e m p t  t o  s t u d y  t h e  problem u n d e r  t h e  w o r s t  p o s s i b l e  
c o n d i t i o n s .  I t  would be of i n t e r e s t  t o  examine t h e  e f f e c t s  
of u s in g  v a r y i n g  numbers of i n d i c a t o r s  p e r  l a t e n t  v a r i a b l e
in a s tu d y  of model m i s s p e c i f i c a t i o n .
(2) Would sample s i z e s  l a r g e r  t h a n  200 le ad  t o  d i f f e r e n t  
p a t t e r n s  of r e s u l t s ?  There were p a r t i c u l a r  d i f f e r e n c e s  in  
t h e  q u a l i t y  of r e s u l t s  depending  upon t h e  use  of N=100 o r  
N=200. Sample s i z e s  l a r g e r  t h a n  200 may lead  t o  b e t t e r  
r e s u l t s  in te rm s  of model r e s p e c i f i c a t i o n ,
(3)  Would t h e  g e n e ra l  r e s u l t s  of o m i t t i n g  o r  i n c l u d i n g  
c e r t a i n  s t r u c t u r a l  p a th s  be t h e  same i f  a d i f f e r e n t  t r u e  
model was used?  Some of t h e  r e s u l t s  d i s c u s s e d  may be model
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s p e c i f i c  r a t h e r  t h a n  g e n e r a l i z a b i e .
(4) How would t h e  u s e  of  non-normal o r  c a t e g o r i c a l  d a t a  when 
combined w i t h  t h e  e f f e c t s  of model m i s s p e c i f i c a t i o n  a f f e c t  
r e s u l t s ?
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